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SUMMARY 

The combined gas-steam turbine cycles studied typically uses 
four 1478“K, (2200-F) , 12 to 1 gas turbines which exhaust into modular 
heat recovery steam generators. A single subcritical steam turbine 
generator bottoms these units. The cycle parametric investigations are 
based on the use of clean distillate from coal as fuel. Specific 
arrangements are also evaluated which include the firing of low-Btu gas 
from an Integrated coal gasifier. Both reheat and nonreheat steam 
cycles are considered . Induction of supplementary steam into the turbine 
cycle at one or two temperatures below the throttle pressure is also 
considered^ the first into the cold reheat pipe and, if used, the second 
into the crossover pipe between the IP and LP turbines .* Low pressure 
steam inductions provides a closer fit between the gas turbine exhaust 
gas' cooling curve and the water-steam heating curve and result in a lower 
stack gas temperature. Typically, the use of steam induction can add 2 
or 3 points to the plant cycle efficiency. 

The 16.547 MPa/811®K/811"K (2400 psi/1000*F/1000'*F) reheat 
steam cycle with an unfired boiler and two steam inductions after the 
throttle is the most efficient cycle investigated. This steam plant with 
a 1478°K (2200°F) gas turbine burning clean distillate from coal and a 
16,7°K(30”F) approach of the exhaust gas to the saturation throttle steam 
temperature in the boiler achieves a cycle efficiency of about 48%. This 
is a 20% reduction in heat rate compared to the oil burning all-steam 
plant with similar design sophistication. 

!; Post firing of the boiler of a combined gas-steam turbine cycle 

',i . , ■ 

is found to increase the net plant power output but, in general, to worsen 
efficiency. 

* induction of 206.8 kPa (30 pst)abs steam into the low pressure turbine 
is assumed most commonly. 

Vi ' 






Combined cycle efficiency improves significantly as Che ghs 
turbine inlet temperature is increased. At a turbine inlet temperature 
of 1478“K (2200“F), ail efficiency improvement of 2 points/55. 6°K (100®F) 
increase in turbine inlet temperature is found. This tapers to about 
1 point/55, 6°K (100“F) at turbine inlet temperatures of 1700“K (2600“F). 

A gas turbine pressure ratio of about 12 to 1 is close to 
opcimum for these combined cycles at all gas turbine inlet temperatures 
studied. 

The 783 MWe combined cycle plant burning low-Btu gas from an 
integrated coal gasifier is found to have an efficiency of 42.3% compared 
to 46,2% for the corresponding clean distillate burning plant. The coal 
using plant has a capitalization of $497/kW, just double that of die 
distillate burning plant. Nevertheless, the cost of electricity from the 
coal using plant is 6,75 mills/MJ (24.3 mills/kWh) compared to 7.68 mills/ 
MJ (27.65 mills /kWh) for the distillate burning plant due to the difference 
in fuel cost l$0.806/MJ ($0.85/10^ Btu) for coal compared to $2.46/MJ 
($2.50/10^ Btu) for clean distillate from coal]. Goal usi.ng combined cycle 
plants, therefore, have potential for future economic base load power 
generation systems. 


6. COMBINED GAS-STEAM TURBINE CYCLES 
6.1 State of the Art 

6.1.1 Supercharged Boiler Combined Cycles 

The first combined steam and gas turbine power plants were of 
the supercharged boiler type. About 40 supercharged boiler .combined " 
cycles were built in the 1930 to 1940 era by Brown Boveri, with Capacities 
of up to 30 MW (References 6.1, 6.2, and 6.3). The first exhaust boiler 
combined cycles were constructed about 1950, and their application has 
■progressed at a relatively consistent rate up to the present day. 

A supercharged boiler cycle is more efficient than an exhaust 
boiler cycle when it is advantageous to fire the boiler; an unfired ex- 
haust boiler combined cycle is the more efficient when power from the gas 
turbine and power generated by recovered heat is obtained at higher effi- 
ciency than power produced by firing the boiler (Reference 6.4). Thus, 
low-temperature, less efficient gas turbines favor fired supercharged 
boiler cycles; and higher-temperature, more efficient gas turbines favor 
unfired exhaust boiler cycles. The thermodynamic transition where the 
more efficient system changes from supercharged to exhaust boiler cycle 
is at a gas turbine firing temperature of about 1200°K (1700**?). 

The thermodynamic superiority of the supercharged boiler cycle 
with lower-temperature gas turbines resulted in much attention being 
given to this cycle in the 1950s (Refereuces 6.5 through 6.10). The 
supercharged boiler cycle requires a boiler that is completely different ‘ 
from a conventional boiler and a somewhat special gas turbine. It is im- 
possible to operate the steam and gas turbines of a supercharged combined 
cycle separately. These disadvantages discouraged development of super- 
charged boilers in this country, except for a few naval vessels where the 
size reduction of the*boiler offered particular advantages (Reference 6.11) . 
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In Europe, where industrial gas turbine firing temperatures are 
lower than in the United States, supercharged boilers are still receiving 
attention. At Liinen, Geinnany, a supercharged boiler combined cycle of 
170 MW is in operation, and a 400 MW plant is being planned by the same 
company (Reference 6,12). It is reported from Russia that several com- 
bined cycles with supercharged boilers have been constructed up to 200 MW 
in size (References 6.13 and 6,14). 

Combustion of coal and residual oil in pressurized fluid beds 
of limestone and dolomite is being advocated as a means of capturing the 
sulfur in the fuels. The fluid beds are contained in a form of super- 
charged boiler supplied with compressed air from a gas turbine compressor’ 
driven by an expander. The products of combustion in the boiler exhaust 
to the atmosphere through the expander, thus driving the compressor and 
producing useful power. Efficiency Improvements possible with this 
system are small because fluid bed combustor operating temperatures are 
limited by the desulfurization reaction. The dusty effluent from the bed 
poses significant problems. Plans currently exist for a demonstration 
plant project' to evaluate this type of system. 

6.1.2 Exhaust Boiler Combined Cycles 

: Up to about 1965, combined cycles were viewed as a means of im- 

proving the efficiency of base-load plants and, in this era, gas turbine 
firing temperatures favored boiler firing. 

As stated earlier, the supercbairged boiler cycle was the more 
efficient cycle at the gas turbine temperatures prevailing in the early 
1960s. The exhaust boiler cycle, however, has the advantage of using a 
relatively normal boiler design, and the capability for separate operation 
of the gas turbine and steam portions of the combined cycle. These advan- 
tages of the exhaust boiler cycle outweighed any thermodynamic advantage 
of the supercharged boiler cycle and confined serious consideration of 
combined cycles to the exhaust boiler cycle only. 

In the early designs, emphasis was on low excess air-fired 
boiler combined cycles, as examplif led by the Horseshoe Lake unit of 
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Oklahoma Gas and Electric Company (References 6.15 and 6.16); and the 
San Angelo Station of West Texas Utilities (References 6.17 through 6.21). 
Plants of this type offer efficiency improvements of 5 to 10%; but at the 
low cost of natural gas prevailing in the 1960s, savings of this order 
were generally regarded as insufficient to justify the selective fuel re- 
quirements of gas turbines, arid few combined cycles were ordered by the 
utility companies. 

The plants referenced above include gas turbines with base-load 
firing temperatures of 1061 and 1089®K (1450 and 1500“F) and steam condi- 
tions of 9.997 and 12.41 liPa (1450 and 1300 psi) gauge, 811°K (1000“F), 
with reheat of Sll^K (1000®F) . Both plants operate on natural gas at 
efficiencies equivalent to about 39% on oil. 

The availability and reliability of these and other similar 
combined cycles have, in some cases, been better than comparable conven- 
tional plants . 

A need has always existed for small, high-efficiency, economi- 
cal power plants. Small sise is unfavorable to high steam pressure con- 
ditions , and low-pressure steam is relatively inefficient. As a result, 
small-size steam power plants are relatively inefficient and of high 
specific cost. Gas turbines are relatively low in cost in the required 
small size and, in combined cycles, offer good efficiency. Firing the 
boiler of a Small combined cycle is unattractive because the plant capa- 
city is increased thereby, and the objective of a small capacity plant is 
violated. To satisfy these various requirements, designs were evolved 
for combined Cycles of the highest possible efficiency with.unflred 
boilers. With an unfired boiler and single steam pressure, the heat sink 
for the exhaust gas below saturation temperature is insufficient to 
absorb all potentially useful heat. This otherwise wasted heat can be 
employed to raise useful steam at a lower pressure and a lower saturation 
temperature than the main steam; and, therefore, raultlpressure steam 
cycles have become common for combined cycles with unfired or lightly 
fired boilers (Reference 6.26)^ 
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About .1970, a need developed for utility power plants to gene- 
rate midrange capacity; that is, for power which is required in daytime 
during midweek but is not required at night or weefends. Plants to 
supply this power are required to start and stop daily. Steam plants 
with high-pressure and high-temperature steam conditions have been found 
unsatisfactory in this service because of- high stand-by costs when kept 
hot, or high start-up costs when started slowly to minimize thermal 
gradients and cracking of casings. 

Nonreheat steam plants with lower pressure and temperature 
steam are better suited to this cycling service, but efficiency is poor. 
The combination of gas turbines with nonreheat steam turbines provides 
an obvious and well-suited midrange power plant with excellent efficiency 
and good tolerance to cycling. 

Many combined cycles of this general type are in service or on 
order. Oil-fired combined cycles with nonreheat steam turbines and un- 
fired or lightly fired boilers are approaching 39% efficiency, and plants 
on order with higher-temperature gas turbines are expected to exceed 42% 
efficiency firing clean distillate oil. Figure 6.1 shows the Westinghouse 
PACE (Power at Combined Efficiency) plant installed at the Comanche Station 
of Public Service of Oklahoma. It has been in service since early 1974. 

6.1.3 Industrial Combined Cycles 

The potential for plant efficiency improvements from the com- 
bination of a process steam plant with a- gas turbine are most attractive 
to unregulated industrial companies. Gas turbines have been added to 
produce both electric power and pibcess steam. Industrial companies were 
quick to adopt the combined cycle concept. For many years the capacity 
of combined cycles in the service of the petrochemical industry greatly 
exceeded electrical utility capacity (Reference 6,22). 

6.1.4 Combined-Gycle Boilers 

Combined cycles which used gas turbines with firing temperatures 
lower than about 1144 (1600®F) provided the highest efficiency with 
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boiler firing. The boilers In these plants were similar to conventional 
boilers for all steam power plants , with the air preheaters replaced by 
low'temperature economizers. As In conventional boilers, fuel was fired 
to use 90% of the oxygen in the combustion air (Reference 6.23). 

In conventional boilers, maximum heat trensfer rates are 
limited by steam blanketing Inside the tubes and by tube metal tempera- 
tures. Tube spacing, gas velocities, and furnace volumes are limited by 
this consideration. With this situation, there Is no advantage' to be 
gained from increasing the gas-side surface area of tubes by using an ex- 
tended surface; conventional boilers use plain tubes, except in some 
cases where extended surface tubes are used in the cooler regions of 
economizers. 

About 1960, a need developed in Industry for boilers to recover 
the heat from gas turbine exhaust to raise steam for industrial process 
use. These heat recovery boilers were required to recover heat f?-s)m ex- 
haust gas between the gas turbine exhaust of 700 to Sll^K (800 to 
1000“F) and about 422 ®K (300“F). If the heat recovery boiler is fired, 
the top temperature may reach 1089“K (1500“F) . Traditional boiler de- 
signs with bare tubes resulted in a very large tube footage because of 
the low heat transfer rate on the gas side and the small available log 
mean temperature difference. Boilers made with bare tubes for this ap- 
plication were, consequently, both large and extremely costly . As a 
result, some smaller boiler manufacturers developed special boiler designs 
for this service , ' using externally finned tubes. The extended%surface in- 
creases the heat transfer area on the gas-side surface (outsideyv,of the 
tubes significantly ^nd permits a substantial reduction in the footage of 
tube required in the boilers (References 6.24 and 6.25) . During the 
1960s, heat recovery boilers with extended surface were extensively 
adopted by the chemical process industry. The larger utility boiler manu- 
facturers subsequently adopted extended surface tubes for the low- 
temperatute economizers of combined-cycle boilers. 

By 1970, combined cycles with little or no firing of the boilers 
were on order for midrange utility applications. The low gas temperatures 
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through the boilers favored finned tubes , which are now used throughout 
the typical combined -cycle boiler. 

The current emphasis on clean fuel for environmental reasons, 
and the high cost of fuel In general, has placed a premium oi; efficient 
power generation. The situation in combined cycles today is similar to 
that in the 1960s, with the emphasis still on efficiency but with a much 
higher efficiency required because of the relatively higher cost of fuel. 

The higher inlet and outlet temperatures of present-day gas 
turbines has shifted the optimum combination of gas and steam turbines 
from fired to unfired boilers. With respect to the steam system, the 
reheat cycle is the most efficient and economical cycle today, as it was 
in 1960. The optimum high-efficiency combined cycles of the future will 
consist of gas turbines exhausting to unfired boilers producing and re- 
heating steam for a reheat steam turbine. Throttle steam pressures will 
be comparable to conventional fossil fuel plants at about 13.79 MPa 
(2000 psi) gauge. 

, To make full recovery of the heat in the gas turbine exhaust at 
best efficiency, supplementary steam will be raised at lower than throttle 
pressure, superheated, and Inducted into the steam turbine as has been 
demonstrated in several existing combined cycles. All facets of combined 
cycles to the above specification have been demonstrated, although with 
relatively lower steam conditions and smaller equipment size than those 
suggested for future designs. 

6.2 Description of Parametric Points to Be Evaluated 

All of the combined-cycle studies were carried out for the ex- 
haust boiler cycle arrangements with the ranges of parametric point 
values illustrated in Table 6.1. Over 90 parametric points have been 
identified for investigation of variations in gas turbine, steam turbine, 
and heat recovery steam generator parameters. Variations of the fuels 
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(all coal derived) are considered, with principal emphasis placed on two 
fuels: low-Btu gas and distillate derived from coal. This distinction 

forms one basis for the identifying two base cases. Base Case A incor- 
porates an integrated, low-Btu gasification plant; Base Case B is fueled 
by liquid distillate from coal. 


Most Base Case A parameters were selected to investigate a 
moderate, but distinct, extension beyond current state-of-the-art 
combined-cycle design practice. The gas turbine parameters selected in- 
clude an inlet temperature of 1478“K (2200“F) and a compressor pressure 
ratio of 12 to 1, and utilize advanced convection/ impingement air-cooled 
vanes and blades. The steam plant selected utilizes a reheat cycle with // 
Steam conditions of 16.547 MPa/811°K/811“K (2400 psig/1000“F/1000“F) andj^^" 
a single low-pressure steam induction (the admission of low-pressure and 
low-temperature steam into the steam turbine at an appropriate admission 
point). The heat recovery steam generator is unfired and utilizes 
parallel superheater and reheater sections followed by 1!P evaporator, 
economizer, and LP evaporator sections. The plant utilizes an integrated 
low-Btu gasification system operating on Illinois No. 6 bituminous coal. 
The system, patterned after the on-going ERDA Process Demonstration Unit 
(PDU) program at the Westinghouse Waltz Mill, Pennsylvania site, utilizes 
a fluidized bed system with in-bed desulfurization. A schematic of the 
Base Case A cycle arrangement is shown in Figure 6.2. 


The Base Case B power plant cycle arrangement is shown in 
Figure 6.3. This plant differs principally from the Base Case A plant 
with regard to fuel and steam cycle arrangements. The fuel selected for 
this plant is a coal-derived distillate from the H-Coal process, and the 
steam turbine utilizes an 8.610 MPa/783“K (1250 psig/950“F) nonreheat in- 
duction design similar to that used in current commercial combined-cycle 
plants. The heat recovery steam generator arrangement consists of a 
superheater , HP evaporator, economizer , and LP evaporator with deaerator 
feedwater system. The gas turbine parameters, with the exception of the 
fuel, are identical to those of Base Case A i 
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Fig. &4-Cyc!e schematic for generalized steam cycle studies 
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Additional studies have been identified in the areas of alter- 
native steam turbine throttle conditions, heat recovery steam generator 
supplementary firing, and steam turbine Induction. The general cycle 
schematic pertaining to these arrangements is given in Figure 6.4w This 
arrangement is of a general nature and allows for various combinations 
of feedwater heater arrangements, steam Inductions at steam turbine 
reheat and crossover points, and supplementary firing of the heat re- 
covery steam generator. ' 

As shown in Table 6.1, the parametric point variations have 
been grouped according to investigations of steam turbine parameter 
(throttle condition) variations, heat recovery steam generator parameter 
variations, and gas turbine parameter variations. The alternative steam 
conditions under consideration, in addition to Base Cases A and B, are 
9.997 MPa/811°K (1450 psig/1000°F) nonreheat, and 9.997 MPa/811°K/811°K 
_(1450 psig/1000‘’F./1000°F) and 12.411 MPa/811°K/811°K (1800 psig/1000°F/ 
1000°F) reheat steam cycle plants. 

The steam generator parameter studies have been identified for 
investigation with both the cycle arrangements of Base Cases A and B. 

The Base Case A arrangement, however, incorporates an integrated low-Btu 
gasification system, and the -Base Case B arrangement does not. To obtain 
a uniform basis for comparison, therefore, and to avoid the cumbersome 
aspect of performing parametric variations with a gasification plant, a 
modification of Base Case A, designated as Reference Case C, has been 
defined. This arrangement, shown schematically in Figure 6.5, duplicates 
the Base Case A arrangement exactly except for omitting the low-Btu gasi- 
fication system. Using the Reference Case C and Base Case B arrangements, 
variations of evaporator approach temperature difference have been made 
from the base case value of 16.7"K (30“F) to 8.3 and 22.2‘’K (15 and 40”F). 
Boiler gas-side pressure drop ratios of 4 and 6% have been identified as 
variations and feedwater temperatures of 378 and 411“K (220 and 280° F) 
have been set for comparison with the base case value of 394°K (250°F). 
Heat rejection by means of once-through cooling and dry Gooling towers 
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has been selected for comparison with the base case wet tower method. 

As both Reference Case C and Base Case B include a single, low-pressure 
steam induction, the omission of this induction for each system has also 
been set up as a parametric variation. 

As mentioned earlier, several additional cases are included 
(although not- shown explicitly on,.-Table 6.1) for a more general study of 
the use of steam induction. These cases have been set up in conjunction 
with the cycle model of Figure 6.4. This model has also been Identified 
for use in the investigation of a heat recovery steam generator system 
with four-level supplementary firing for both the reheat and nonreheat 
steam cycle arrangements. 

The gas turbine parameter variations identified in Table 6.1 
for study with both Base Case A (Reference Case C arrangement) and Base 
Case B include both turbine inlet temperature and compressor pressure 
ratio. Turbine inlet temperature values of 1255, 1366, 1478, 1589, and 
1 700 "K (1800, 2000, 2200, 2400, and 2600°F) have been identified for 
study. Compressor pressure ratios of 8, 12, 16, and 20 have been 
selected. In all cases advanced impingement and convection air-cooled 
blades and vanes are assumed. 

The final category of parametric variations identified in 
Table 6.1 applies to the variation of gas turbine parameters of Base 
Case A for the reheat steam cycle only. In this category are included 
variations of gas turbine blade-cooling systems, including the use of 
ceramic gas turbine vanes and rotating blades alone and in combination. 
Parametric variations of these cooling systems have been selected with 
variations in compressor pressure ratio from 8 to 20 at a constant tur- 
bine inlet temperature of 1478°K (2200“F). The use of hlgh-Btu coal- 
derived fuel gas has been identified for a system calculation in addition 
to the low-Btu gas and clean distillate from coal -burning systems. 
Variations of the low-Btu gasification plant have been identified for 
study with a variation in turbine inlet temperature from 1255 to 1589°K 
(1800 to 2400°F) at the base case compressor pressure ratio of 12 to 1. 
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6.3 Approach ^ 

1} 

As with the recuperated open^vcycle system described iu 
Section 5 o£ this report, most o£ the parametric point efficiency calcu- 
lations for the gas'steam combined cycles were performed using the 
Westinghouse-developed OPTCYC computer program. Essentially, The same 
assumptions are made regarding calculation of the gas turbine portion of 
the combined cycle. These include specification of ambient conditions, 
compressor efficiency, gas turbine section cooling-flow usage, and the 
coal-derived distillate fuel properties. 

Following calculation of the gas turbine performance, the 
combined-cycle part of the program next performs a mass and energy balance 
between gas turbine exhaust gas and each heat exchanger in the heat re- 
covery steam generator (refer to Figures 6.2 and 6.3). This system con- 
sists of a deaerator, low-pressure boiler, economizer, evaporator. 
Superheater, and reheater (the latter is bypassed for a nonreheat cycle) . 
Boiler feedwater heating is accomplished by the single deaerator receiv- 
ing heat from the low-pressure boiler as well as from the economizer re- 
circulation. Additional heat is obtained by extracting steam from the 
low-pressure steam turbine, if necessary. On the other hand, excess low- 
pressure steam can be Inducted into the LP steam turbine to produce 
power. The prograni uses expansion lines of actual steam turbines to cal- 
culate performance. Thus, moisture content, exhaust loss, and end load- 
ing are all properly considered. With the steam flow and enthalpy known, 
the. Steam turbine power is computed and added to the gas turbine power . 

The net output of the combined plant is obtained after deducting mechani- 
cal and generator losses as well as plant auxiliary power requirements. 

The auxiliary power includes such items as boiler feed pump, circulating 
pumps, lube and fuei pumps, and cooling tower fan power. Based on the 
higher heating value of the fuel, combined plant efficiency is calculated 
and displayed against combined plant specific power based on compressor 
inlet airflow. 

I When a low-Btu gas fuel is used, the gasification subsystem is 
integrated by satisfying the specified characteristics of the gasification 
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system. As mentioned earlier, the Westinghouse Advanced Fluidized Bed 
process, currently being developed under ERDA contract, was assumed for 
this purpose. Process steam is extracted from cold reheat point after 
the HP steam turbine, and process air is bled from the combustor shell. 

It acquires a higher pressure, dictated by the gasification system pres- 
sure drop, via a booster compressor. A recuperator is used to alleviate 
the duties of the cooler and the booster compressor and raise the tem- 
perature of the process air before it enters the gasifier. In this case, 
the auxiliary power further includes the booster compressor power as well 
as all auxiliaries in the gasification system. Similarly, the heat from 
the spent sorbent oxidizer and cooler are recovered through the steam 
turbine and feed heating. Thus, the net combined plant efficiency repre- 
sents the overall conversion of coal feed to electricity. 

As indicated in Section 5.1, although current production dry- 
type combustors (that is, combustors not utilizing water injection tech- 
niques) will pose potential problems with regard to NO^ emissions at high 
turbine inlet temperature burning conventional fuels. Task I calculations 
were performed without water injection for NO^ control. There are two 
reasons for this choice. First, we believe that several advanced combus- 
tion concepts (staged, premixed, and catalytic combustion) with proper 
development' effort will yield satisfactory operation on conventional— type 
fuels without water Injection. Second, the principal fuel under consid- 
eration (the coal-derived distillate from the H-coal process) has proper- 
ties very similar to conventional petroleum-based distillate fuel. For 
combustion of low-Btu gas, calculations have indicated the problem to 
be potentially much less severe than with distillate fuels. 

For the cases involving steam induction, various assumptions 
were made regarding induction steam condition and the location of induc- 
tion into the steam turbine. For the base case steam cycle conditions, 
induction steam was generated at the deaerator pressure of 207 kPa 
(30 psi) abs and inducted through a special supply manifold at this pres- 
sure. In the cases of induction at the reheater and at the crossover 


pipe between the IP and LP steam turbines, no special manifold is re- 
quired. 

The quantities of induction steam were obtained by heat balance 
between the gas-side exits from the induction steam evaporator and the 
next higher evaporator. For given assumptions of steam conditions and 
approach temperatures, there is a unique solution for the HP and induc- 
tion steam quantities. 

The feedwater temperature leaving the closed heaters and enter- 
ing the deaerator is established by a heat balance below the LP evapora- 
tor which results in a gas temperature entering the stack of A11°K'(280“F) 
and a water temperature entering the economizer of 394 “K (250° F). 

Variations of supplementary firing in the heat recovery steam 
generator covered the range from no firing to the maximum for efficient 
combustion with the oxygen in the vitiated exhaust of the gas turbine. 

Supplementary firing Increases the proportion of available heat 
in the boiler above the saturation temperature of the steam and, there- 
fore, the quantity of high-pressure steam. At a supplementary firing 
temperature of 1033“K (1400°F), the feedwater for the high-pressure steam 
absorbs all the heat available below the evaporator and no heat remains 
to generate induction steam. The first level of boiler firing was 
selected at the point where no induction steam is generated. 

Firing to a higher temperature results in a deficiency of heat 
in the economizer, which would result in a reduced feedwater temperature 
rise* This deficiency is corrected by heating a portion of the feedwater 
in a train of extraction feedwater heaters, as shown in the general cal- 
culation model. Figure 6.4. The maximum level of supplementary firing 
investigated was the caSe of 10% excess air. In this case, 35% of the 
feedwater is heated by the stack gas in a low economizer, and 65% of the 
feedwater is heated in the extraction feedwater heaters. An Intermediate 
level of boiler firing is calculated where the quantities of feedwater 
heated by extraction steam and flue gas were about equal. 


Definitions regarding gas turbine parameters and assumed values 
are identical to those (with the exception of recuperator and intercooler 
definitions) described in Section 5.3 of this report. For the additional 
combined-cycle components, typical component efficiencies, loss values, 
and auxiliary power requirements consistent with current Westinghouse 
design practice have been used. 

Additional definitions pertaining to the steam section of the 
combined gas-steam cycle are as follows: 

• Steam turbine throttle pressure - nominal steam pres- ^ 
sure at the main turbine stop valve 

• Steam turbine throttle temperature — nominal steam 
temperature at the main turbine stop valve 

• Steam turbine reheat temperature - nominal steam tem- 
perature at the intermediate pressure (IP) turbine 
inlet section 

• Boiler gas-side pressure drop - exhaust gas pressure 
drop from gas turbine section outlet to heat recovery 
steam generator exhaust 

• Evaporator approach temperature difference - minimum 
temperature difference between exhaust gas stream and 
high-pressure steam saturation temperature 

• Superheater approach temperature difference - terapera- 
ture difference between gas turbine exhaust tempera- 
ture and maximum superheater steam temperature 

• Reheater approach temperature difference - temperature 
difference between gas turbipe exhaust temperature and 
maximum reheated steam temperature 

• Pressure drop drum to throttle - pressure drop between 
heat recovery steam generator high-pressure steam drum 
and steam turbine throttle pressure 


Pressure drop (feedheater) - pressure drop between 
condensate pump and deaerator section 

Pressure drop (economizer water) ^ pressure drop be- 
tween 'boiler feed pump and, steam drum 

Induction - the process of introducing reduced pres- 
sure steam into the steam turbine at a location 
downstream of the main stop valve. 

6.4 Results of the Parametric Study 

An expanded form of the parametric point tabulation is given 
in Table 6.2. In this listing the parametric points are numbered for 
convenient reference and cover the ranges of values of the parameters 
identified in the summary Table 6.1. 

Point 1 applies to Base Case A, and Point 2 corresponds to Base 
Case B. . In Points 3, 4, and 5 the effects of varying steam throttle con- 
ditions are considered. Point 6, originally specified as a supercritical 
24.132 MPa/811°K/811°K/811'’K (3500 psig/1000°F/1000°F/1000°F)V was not 
calculated. Variations of steam generator and steam turbine parameters, 
including approach temperature differences, feedwater temperature, and 
omission of the single low-pressure steam induction, were computed for a 
Base Case A-type reheat steam cycle in Points 7 through 13. The alterna- 
tive heat rejection modes of once-through and dry-tower cooling are used 
in conjunctioh With the reheat- type steam bottoming plant in Points 14 and 
15, respectively. The use of supplementary firing of the heat recovery , 
Steam generator has been investigated for Points 16 through 19. These 
studies apply to the reheat steam bottoming cycle with multiple induc- 
tion, as was shown in Figure 6.4. The parametric variations of Points 20 
through 32 are directly analogous to the Points 7 through 19 variations , 
with the only distinction being that they apply to the nonreheat- type 
steam bottoming cycle of Base Case B shown in Figure 6.3, 

For Points 33 through 52, attention is again given to the reheat 
steam bottoming cycle, and parametric variations are performed on Uie gas 
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turbine parameters of turbine Inlet temperature and compressor pressure 
ratio. For these calculations, turbine Inlet temperature has been varied 
from 1255 to 1700“K (1800 to 2600“F) , and compressor pressure ratio vari- 
ations span the range of 8 through 20 to 1. Distillate fuel from coal 
and Impingement , convection cooling for gas turbine vanes and blades are 
specified for these calculations. The same combinations of turbine Inlet 
temperature, Compressor pressure ratios, fuel, and cooling are Investi- 
gated In Points 53 through 71 with the Base Case B-type nonreheat steam 
bottoming cycle. 

Several calculations have been Identified next for Investigat- 
ing the effects of variation In the type of gas turbine blade-cooling 
systems. These calculations have been Identified for use with the reheat- 
type steam bottoming cycle and assume the coal-derived distillate as fuel. 
Points 72 through 75 are calculated at a gas turbine Inlet temperature 
1478*K (2200‘’F) with compressor pressure ratios varying from 8 through 20. 
For these calculations , ceramic vanes and air-cooled rotor blades are 
assumed. Points 76 through 79 are Identical, with the exception that 
hoth ceramic vanes and ceramic rotating blades are specified. The com- 
bination of ceramic vanes and water-cooled blades, originally Identified 
for Points 80 through 83, were not calculated. Goal-derived hlgh-Btu gas 
has been substituted for the liquid coal-derived distillate as the fuel 
In Point 84. 

Points 85 through 88 were originally specified for a parametric 
investigation of Integrated low-Btu gasification cycles, with variations 
In both gas turbine compressor pressure ratio and turbine inlet tempera- 
ture. These cases were later simplified, and the calculations of effici- 
ency only were performed by modifying Base Case A solely to reflect 
the effect of altemative turbine Inlet temperatures of 1255, 1366, and 
1589°K (1800, 2000, and 2400“ F). 


Variations in the use of steam Induction were investigated in 
Points 89, 90, and 91. These studies were based on the general cycle 
arrangement shown in Figure 6.4. A single steam induction was utilized 




at the steam turbine reheat point for Point 89, while Point 90 utilized 
a single steam induction at the crossover line between the intermediate- 
pressure (IP) and low-^pressure (LP) steam turbine elements. Point 91 
utilizes neither of these steam inductions. 

6.4.1 Selected Case Results 

A summary of calculated performance data for Base Case A is 
presented as Figure 6.6, where the data point station numbers refer to 
the cycle schematic (Figure 6.2) which is repeated here for the conven- 
ience of the reader. The overall efficiency (coal to bus bar) for 
this plant has been calculated to be well in excess of 40%, including 
the gasification process. A turbine inlet temperature of 1478°K (2200“F) 
and a compressor pressure ratio of 12 to 1 were used in the calculation, 
and the fuel was Illinois No. 6 bituminous coal. 

Figure 6.7 summarizes the calculated cycle data and plant per- 
formance for Base Case B, as defined in Point 2, As in Base Case A, this 
plant utilizes gas turbine parameters of a 1478”K (2200“F) turbine inlet 
temperature and a compressor pressure ratio of 12 to 1. This plant, how- 
ever, is fired with coal-derived distillate fuel. The calculated thermb- 
dynamic efficiency for the Base Case B power plant is greater than 45%. 

The Reference Case C (Point 42) plant arrangement is, with the 
exception of the substitution of coal-derived distillate fuel for the 
gasification process, the same as Base Case A. Summary thermodynamic 
results for this case are given on Figure 6.8. 

Special studies were made of the effect of steam turbine induc- 
tion on the overall plant performance. A representative example of this 
analysis is given by Point 16 which Incorporates steam induction at both 
the steam turbine reheat and crossover points. Summary cycle calculation 
results are given on Figure 6.9. The calculated thermodynamic efficiency 
for this case is approximately 48%. 
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6.4.2 Results of Parametric Variations 

Figure 6.10 displays the results of turbine inlet temperature 
and compressor pressure ratio variation on the basic reheat steam cycle, 
Reference Case C. Curves of plant efficiency versus specific 
power are plotted at constant inlet temperature. These results show the 
general Improvement in performance with increasing the turbine inlet tem- 
perature and, further, that the optimum (maximum efficiency) pressure 
ratio is a gradually increasing function of inlet temperature. At 1255“K 
(1800“F), a peak efficiency of approximately 41.6% was obtained, while a 
peak efficiency of about 49.6% occurs at 1700°K (2600°F). 

Also shown in Figure 6.10 are the plant efficiency results 
corresponding to the gasification combined-cycle Base Case A and 
three additional integrated low-Btu gasification plants calculated for 
gas turbine inlet temperatures of 1589, 1366, and 1255°K (2400, 2000, and 
1800“F) at a compressor pressure ratio of 12 to 1. Comparing the gasifi- 
cation combined-cycle results of Base Case A with the distillate fuel- 
burning Reference Case C indicates that although the combined 
plant efficiency is decreased by approximately 5% in going from distillate 
fuel to coal gasification, the combined plant specific power is 
increased by approximately 4.5%. 

Several steam system parameter variation results are reported 
in Figure 6.11. Again, all variations are referred to Reference Case C. 
The percent changes in efficiency and power associated with each varia- 
tion have been displayed in Figure 6.12. One of the most powerful single 
effects on efficiency is the use of steam turbine induction. (Reference 
Case C utilized a single steam induction into the low-pressure turbine. 
Other more specialized induction studies are described elsewhere in this 
section.) Other significant improvements in thermodynamic efficiency are 
obtained by using reduced evaporator pinch temperature difference, in- 
creased feedwater temperature, and reduced steam turbine condenser pres- 
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. Special attention was given the subject of the effect of 
steam turbine exhaust pressure on overall power plant performance. The 
curves in Figure 6.13 summarize the results of varying this quantity from 
its nominal value as used in the Reference Case C configuration. In 
going from the nominal 6.77 kPa (2 in Hg) abs back pressure associated 
with the use of wet cooling towers to the 5.08 kPa (1.5 in Hg) abs value, 
achievable using once- through cooling, the combined plant heat rate and 
specific power are improved by approximately 0.6% each. 

The use of ceramic gas turbine vanes and blades has been inves- 
tigated as a means of improving combined-cycle performance as a conse- 
quence of the minimization of cooling air expenditure. Two levels of 
implementation have been considered; the use of ceramic stationary vanes 
in conjunction with air-cooled rotating blades , and the use of both 
ceramic stationary vanes and ceramic rotating blades . The results of the 
study are shown in Figure 6.14. In comparison with Reference Case C, the 
parametric point using both ceramic vanes and ceramic blades at a com- 
pressor pressure ratio of 12 to 1 showed an improvement of nearly 6% in 
heat rate and an increase of nearly 19% in combined plant output. 

The results shown on Figures 6.15 through 6.17 are based on 
variations of the nonreheat steam cycle. Base Case B (Point 2). They 
compare directly with the parametric variations reported in Figures 6.10 
through 6.12 described above, which were based on the reheat steam cycle 
Reference Case C. 

Direct comparisons between the results of calculations with 
reheat bottoming cycles and nonreheat bottoming cycles are presented in 
Figures 6 .18 and 6 .19 . The first comparison at 1478“K (2200°F) shows the 
reheat cycle with superior efficiency for compressor pressures of 8 to 
16 and the nonreheat cycle efficiency slightly higher for higher pressure 
ratios. Figure 6.19 shows the reheat steam cycle to have a higher effi- 
ciency over the entire compressor pressure ratio range investigated at a 
turbine inlet temperature of 1700°K (2600°F) . 
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Fig. 6. 14-Effect of gas turbine blading material on plant performance 
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Fig. 6. 16 -Effect of various parameter changes on plant performance 
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Fig. 6i 18 -Effect of reheat steam cycle on plant performance 












The parametric cycle study work described heretofore was per- 
formed in accordance with the base case cyfcle schematic models given in 
Figures 6.2, 6.3, and 6.5. These cycles incorporate the induction of 
steam at low pressures into the steam turbine LP element, and they incor- 
porate both reheat and nonreheat steam turbine bottoming cycles. The 
specife.1 studies performed to consider the application of supplementary 
fired steam boilers, axlernative steam pressure levels, and additional 
variations on the use of steam induction were based on the generalized 
cycle model shown in Figure 6.4. One of the principal objectives of in- 
corporating steam Induction was to improve the thermodynamic fit between 
the gas turbine exhaust heat rejection line and the steam cycle heat ac- 
ceptance line. (The concept of thermodynamic fit is discussed more fully 
in Section 7 of this report.) Figure 6.20 displays the fit resulting 
from the analysis of Point 16, which Incorporates steam Induction at both 
the reheat and crossover points. The efficiency for this cycle, as com- 
pared to the others incorporating no inductions , and one or two inductions 
at various steam cycle throttle conditions is illustrated in Figure 6.21. 
For the general arrangement of Point 16 [16.547 MPa/811°K/811‘’K (2400 psig/ 
1000“F/1000'*F) Unflred Boiler], power plant efficiency can be increased 
from approximately 45% to nearly 48% by adding two steam inductions. 

6.5 Capital and Installation Cost of Plant Components 
6.5.1 Description of Base Case Power Plants 

Development of plant capital costs for the gas-steam combined 
cycle concept was based upon detailed examination of the base case plants 
with appropriate variations for the remaining parametric points. 

Base Case A consists of an integrated low-Btu gasification 
combined^cycle plant with four gas turbines whose waste heat is used to 
generate steam for a single reheat steam turbine. The Base Case B ar- 
rangement is made up of two distillate fuel-fired gas turbines exhausting 
into waste heat recovery boilers, whose output is used to drive a single 
nottreheat steam turbine. 
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The plant Island arrangement for Base Case A is Illustrated in 
Figure 6.22, The overall site arrangement is shown in Figure 6.23. Four 
nominal 130 MWe gas turbines individually exhaust into unfired heat re- 
covery steam generators which provide steam for a nominal 16.547 MPa/ 
811"K/811°K (2400 psig/1000‘’F/1000“F) steam turbine. The gas turbines 
receive fuel gas from a pressurized fluid bed gasification system uti- 
lizing in-bed fuel gas desulfurization. 

Figure 6,24 Illustrates the gas turbine concept design selected 
for the Base Case A application. The single-shaft design passes 440 kg/s 
(970 Ib/s) at 60 rps (3600 rpm) . A multiple-can burner system capable of 
firing either low-Btu gas fuel or liquid distillate-type fuel is included 
in this design. The three-stage turbine uses conventional metal blading 
with vanes and blades cooled by impingement, convection, and film-cooling 
techniques using air as the coolant medium. Two tilting pad film-type 
journal bearings support the shaft, with thrust loads taken up by a tilt- 
ing pad segmented thrust bearing at the compressor end of the shaft. The 
generator drive is at the cold compressor end of the shaft, which facili- 
tates the use of a low-loss axial-flow turbine exhaust diffuser and the 
positioning of in-line heat recovery equipment. The casing features 
horizontal joint construction for easy access, and can he shipped by rail 
fully assembled. The exciter and hydrogen-cooled generator are directly 
coupled to the gas turbine shaft. The starting package, which is elec- 
trically operated , drives through the exciter and generator shafting to 
provide rotation and acceleration to self-sustaining speed. Gas turbine 
auxiliary support services are provided by individual skid-mounted assem- 
blies, shown in place on Figure 6.22. The mechanical skid assembly in- 
cludes lubricating oil pumps, filters, and reservoir; an air system 
pressure switch and gauge cabinet ; and seal oil system. Included in the 
electrical and control skid is the battery equipment, motor control 
center, voltage regulator, generator relay panel, and certain control 
equipment. The fuel skid Includes fuel pumps, filters, and related equip- 
ment. 
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Fig. 6. 22 -Combined -cycle power plant Island - Base Case A 
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The integrated low-Btu gasification plant included in the Base 
Case A arrangement is patterned after the Westinghouse Advanced Fluidized 
Bed Gasification process being developed under contract to ERDA. The 
gasification plant consists of two major elements: the coal and dolomite 

preparation subsystem and the gasification subsystem. The coal and dolo- 
mite preparation equipment is sized so that one subsystem has the capa- 
city to service two gasification subsystems. Each gasification system in 
turn has the capacity to serve one gas turbine. Coal and dolomite crush- 
ing, drying, and silo storing are performed within the coal and dolomite 
preparation system. 

The gasification process, shown schematically in Figure 6.25, 
operates with two distinct fluidized bed stages— a devolatilization/ 
desulfurization and a gasification/combustion stage. Dry coal is fed to 
the first stage, where it is devolatilized and converted to char by hot 
fuel gas from the second stage, the gasifier combustor, in the 
devolatilizer/desulfurizer , the fuel gas is enriched by the volatile pro- 
ducts of the coal and is also desulfurized by dolomite added to the bed. 
Dolomite is continuously withdrawn and delivered to the spent sorbent 
oxidizer, where waste heat is recovered. Char from the devolatilizer/ 
desulfurizer is fed continuously to the gasifier/combustor, together with 
air and steam which react with carbon to produce the hot fuel gas. A 
second function of the gasif ier/combustor is to remove the ash. This is' 
accomplished by regulating the temperature in the combustion zone so that 
ash particles partially melt and agglomerate to form larger particles 
which drop out of the fluidized bed. Fuel gas is passed through a parti- 
culate separator system and delivered at 1144°K (1600“ F) to the gas tur- 
bine fuel gas manifold. 

Both Base Cases A and B utilize a modular design heat recovery 
steam generator similar in design to that shown in Figure 6.26. Tube 
modules, shippable as fully assembled packages, are positioned in each of 
the parallel gas paths. As the heat recovery steam generators are able 
to operate for modest periods in a dry and vented mode, gas turbine bypass 
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stacks are not required. The vertical steam drum is shown in 
Figure 6.27. It utilizes two stages of steam-water separation, a primary 
centrifugal stage, and a yecondary chevron stage. Feedwater heating is 
accomplished by means of a deaerating feedwater heating system. 

The steam turbine is made up of curicently available basic com- 
ponents with special modifications to accommodate steam induction. The 
steam turbine generator is of hydrogen-cooled design featuring a brush- 
less excitation system. The steam turbine condenser is located beneath 
the LP element and is typical of modem steam station design practice. 

The Base Case B power plant island is illustrated by 
Figure 6.28, and the overall site arrangement is given in Figure 6.29. 

The design consists of two nominal 130 MW gas turbines of the same. design 
as those considered for Base Case A. The gas turbine exhaust heat is re- 
covered by means of unfired heat recovery steam generators which provide 
steam for a nominal 8.618 lfPa/783“K (1250 psig/950°F) nonreheat steam 
turbine generator. The gas turbines are fueled by distillate derived 
from coal. 

6.5.2 Approximate Sizes and Weight of Major Components 

There are four major components utilized in the combined-cycle 
energy conyersion systems: 

■ I 

• Gas turbine engine 

• Heat recovery steam generator 

• Steam turbine generator 

• Gasification system. 

For each base case, the relative plan view sizes of these components is 
indicated by the plant island arrangements , Figures 6.22 and 6.28. The 
concept design gas turbine engine is common to both base cases; a Cross- 
sectional view for this major component has been provided in Figure 6,24. 
Outline views of the Base Cases A and B heat recovery steam generators are 
shown without steam drums and the interconnecting piping in Figures 6.30 
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and 6.31 illustrates the modular nature of construction utilized for 
these units. The sizes and masses of the first three major components 
are listed in Table 6.3. 

6.5.3 Price Determination Procedure 

For the purpose of establishing power plant cost estimates for 
parametric analysis, equipment prices were estimated for each of the 
four major plant components described above. The pricing procedure used 
for the gas turbine porcicr? of the plant has already been described in 
Section 5.5. 

Tho pricing of heat recovery steam generators was first ap- 
proached by developing a number of concept designs. These designs, in- 
cluding the Base Cases A and B models, were formulated by the Westinghouse 
Heat Transfer Division , using computerized design approaches evolved in the 
design and development of che PACE combined-cycle modular heat recovery 
steam generators. The designs were developed sufficiently to determine 
heat exchange surface requirements, module arrangements and weights, and 
approximate outline dimensions. Equipment and installation prices were 
developed for each concept design. The price results were then segregated 
into price of heat exchanger surface, balance of heat recovery steam gene- 
rator, and erection price. Heat exchange surface prices were correlated 
against heat transfer duty, Q/LMTD, and prices for balance of heat recovery 
steam generator and erection were correlated against steam flow. These 
price relationships, with suitable modifications for supplementary firing 
and steam induction, were utilized to determine prices for each parametric 
point . 

The steam turbines were priced from Westinghouse published price 
lists, using current market level multipliers . The published lists arrive 
at a price based on the exhaust end size and configuration, power output, 
generator capacity, steam pressure and temperature, and the scope and 
extent of features and accessories. 

Gasification System description and pricing information are de- 
scribed in Section 4 of this report. 
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Steam condenser and power transformer prices have been based 
upon appropriate published price lists. 

The balance of plant pricing has been handled by the architect 
and engineering firm, Chas. T. Main, Inc. , and details of the methods 
used are described in Section 2 of this report. 

6.5,4 Tabulation of Overall Plant Material and Installation Costs 

With the exception of heat: rejection equipment (steam turbine 
condensers and cooling towers) , the prices of materials and installation 
were determined, tabulated, and entered into the cost of electricity (COE) 
calculation computer program. Condenser and cooling tower prices were 
calculated by means of price correlations preprogrammed into the COE pro- 
gram. Input for both condenser and cooling tower calculations, as well 
as major equipment cost input for Base Case A, are given in Table 6.4. 

(Due to an error regarding power for Base Case A the net output and net 
heat rate shown in Table 6.4 and subsequent tables are incorrect. Cor- 
rected values have been used for plotting result curves.) The correspond- 
ing output material and installation costs for Base Case A are listed in 
Table 6.5, This tabulation for each account code item gives the unit 
measure, amount, material and installation cost per unit, and total mate- 
rial and installation costs. 

Similar input and output cost tabulations .are given for Base 
Case B in Tables 6.6 and 6.7. 

Material and Installation costs for the remaining combined-cycle 
parametric points have been summarized on Table 6.8. Under the heading 
"Total Major Component Cost" are included the total direct material costs 
for the major components (gas turbine auxiliaries , gas turbine generator, 
steam turbine-generator, and heat recovery steam generator) . These and 
additional cost items for each parametric point are then presented on a 
$/kW basis. Inciuded are; total direct major component material costs, 
balance of pi ’nt direct material cost, site-labor. Indirect costs, pro- 
fessional services and ownership , contingency and escalation , and interest 
during construction costs. 
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.00 

387GDC.CC 

1. A ACCESS RAILROAD 

MILE 

5.0 

115000.90 IIODOD.OQ 

575009.00 

550000. DO 

I. 5 LOOP railroad TRACK 

MILE 

2.G 

12C0G0.D0 

70000,00 

24DCC0.P0 

14CC0C.0C 

1. 3 SIDING RR TRACK 

MILE 

.0 

125000.00 

80000.00 

.00 

.00 

1- 7 OTHER SITE COSTS 

ACRE 

.0 

.CD 

• PC 

2S46S7.22 

284697.92 

percent TOTAL DIRECT COST 

IN A 

CCOUNT 1 = 

1.153 ACCOUNT 

TQTALtS 

1228697.31 

1397495.31 

EXCAVATION £ PILlNS 
2. 1 COMMON EXCAVATION 

YD 3 

381CC.C 

.CD 

3.00 

.CC 

1143DC.CC 

2. 2 PILING 

FT 

1015C0.0 

6.50 

S.50 

560400.00 

353600. DO 

PERCENT total DIRECT COST 

IN ACCOUNT 2 r 

.72E ACCOUNT 

TOTAL** 

660400. CC 

S779CC.CC 

PLANT ISLAND CONCRETE 
3. 1 plant is. concrete 

YD3 

1270D.0 

70.00 

80,00 

339000.33 

1G1300G.C0 

3. 2 SPECIAL STRUCTURES 

YDS 

.0 

.CO 

.00 

• DC 

•CC 

PERCENT TOTAL DIRECT COST 

IN A 

CCOUNT 3 = 

.344 ACCOUNT 

TGTALf* 

339300.00 

1313930.00 

HEAT REJECTION SrSTEM 
R. 1 COOLING TOWERS 

EACH 

?.D 

.00 

.00 

1381500. CC 

68350C.CC 

4. 2 CIRCULATING H20 SYS 

EACH 

1.D 

.90 

.00 

547615.03 

734282.55 

4. 3 SURFACE CONDENSER 

FT2 

2CE7C 2.2 

.00 

.00 

1002961.72 

143991.51 

PERCENT TOTAL DIRECT COST 

IN A 

CCOUNT 4 - 

1.994 ACCOUNT 

Total r* 

293 2075.75 

1566774.05 

STRUCTURAL FEATURES 
5. 1 STAT. STRUCTURAL ST, 

TON 

125C.D 

G50.CG 

175. OG 

812500. CC 

2ie75G.CC 

5, 2 SILOS 8 BUNKERS 

TPH 


1300.00 

750.00 

.00 

.00 

5. 3 CHIMNEY 

FT 

,C 

,00 

,00 

.00 

,PG 

S. 4 STRUCTURAL FEATURES 

EACH 

1.0 

544000,90 154003.00 

544302.03 

154000.00 

PERCENT TOTAL DIRECT COST 

IN ACCOUNT 5 r 

.811 ACCOUNT 

TOTAL** 

14565D0.CD 

37275C.CC 

BUILDINGS 

S. 1 STATION BUILDINGS 

FT3 

3510003.0 

.15 

• 13 

551600.09 

551600.09 

E. 2 ADMIN STRATTON 

FTZ 

.0 

16.00 

14.00 

.00 

.GO 

B. 3 WAREHOUSE S STOP 

FT2 

13OQD.0 

12. OG 

8.00 

12ODDO.0D 

3DQDD.0D 

PERCENT TOTAL DIRECT COST 

IN ACCOUNT 6 r 

,586 ACCOUNT 

TOTAL** 

6 81600.00 

641E0C.GC 

fuel handling s storage 

7- 1 COAL HANDLING SYS 

TPH 

291.1 

.30 

.03 

4205527.25 

1377342.54 

7. 2 DOLOMITE HAND. SYS 

TPH 

154.0 

.00 

.00 

1421693,75 

688604.93 

7. 3 FUEL OIL HANOi SYS 

GAL 

4350000,0 

.00 

.00 

441488.59 

344024,12 

PERCENT TOTAL DIRECT COST 

IN ACCOUNT 7 - 

3.979 ACCOUNT 

TCTAL** 

6068803.63 

2S09S71.6S 

FUEL PROCESSING 

3. 1 COAL DRYER 5 CRUSHER 

TPH 

.0 

.00 

.00 

.00 

.00 

8. 2 CARBONIZERS 

TPH 

.0 

.00 

.00 

•00 

,CC 

3. 3 gasifiers 

TPH 

291.1 

,00 

.00 

53770376.00 

23553617.75 

PERCENT TOTAL DIRECT COST 

IN ACCOUNT 8= 

35.157 ACCOUNT 

TOTAL** 

50770876.00 

23553617.75 






— 






ACCOUNT LISTING 

INS S/UNIT NAT COSTt* INS COST.* 


rj^i09lW> 


Table 6.5 . :0X3IM:r 3ftS-ST£AM TURBIN" CYCLI ACCaUNT LISTT>jr, 

Continued PARAH»- TRIG PPlN'T NC* 1 

ACCOUNT NO. ? VAM-:, UNIT AMOUNT MAT S/UNIT INS $/UNIT MAT CDSTf 5 INS COSTfS 


"I'>IN3 SYSTEM 

5. 1 ,D .CO .00 .no 

percent TOTAL DIPI:T cost in account 9 - .390 ACCOUNT TOTALfS .00 


.00 

.00 


VAPOR 
IE.: 1 
PErCE 

OENERATaP i - IRE3 » 

.NT TOTAL DtRICT COST 

IN ACCOUNT 

.E 

10 = 

.cc 

• OOC ACCOU.NT 

.DC 

total »$ 

.CO 

.00 

.EC 

.00 

EN-.RSY 
11. 1 

CONVERTER 

GAS TURL CCKP SECT 

EA 

4.C 

1' rescD.cc 

6r34G.DE 

4S272CC .EC 

2413GO.CE 

11. 2 

Gas TUR3 COM3 SECT 

EA 

4.0 

795500.33 

19325.00 

1595000.00 

7'P3DD.OO 

11. 3 

CAS TORE TURE SECT 

EA 

4.0 

2E4190D.D0 

127D25.D0 

10157600. CO 

ECE38C.ee 

11. 4 

GAS TUR3 EN3 AUX 

EA 

4.0 

1453400.30 

20 5 575. 00 

5373503.00 

322304 .00 

21- 5 

Gas TURE GENERATOR 

EA 

4.C 

2» SIZED. CG 

24220e.CO 

lE754eOD.CO 

cgpgPl 

11. 5 

G T '«U"FLE:R S COOLERS 

EA 

4.0 

1?21530.Q0 

122150.00 

4336400.00 

4'3 9540.00 

11-7 

CAS TURB ENG KI£C 

EA 

4.0 

ETISCD.CC 

23 5130, DO 

26o72CO.CD 

S4E52C .EC 

11. 3 

STEAM TU.R3INE-3ENIR 

EA 

1.0 

10~74525.37 

335573.39 

10C7452S.37 

335572.33 

PERCE 

NT T-OTAL DIRECT COST 

IN ACCOUNT 

11 = 

:24.7C8 ACCOUNT 

TOTAL* S 

3D8G73ZG.CD 

4835314.31 


CCUPLIXO KIAT EXCHANGER 

12. 1 HEAT REC STEA.H SEN EA A.O $."50000. 00 1315000.00 C42Q00G0. 00 7250300.00 

PERCENT total DIRECT COST IN ACCOUNT 12 =13.342 ACCOUNT TOTAL»S 24200000. EC 72ECCEC.CC 


o> 

[ 

cs 

'J 



HEAT .recovery HEAT EXCIl. 

13. 1 .3 .30 .00 .30 .00 

PE.RCENT TOTAL DIRECT COST IN ACCOUNT 13 r .CCD ACCOUNT TCTALtS .00 .EE 


WATER TREATMENT 

14. 1 DEKlNERALIZER 3PK 802. 1 2000.30 560.03 1204205.03 337177.43 

14. 2 CONDENSATE POLISHING KWE .0 1.25 .30 .EC ,CC 

PERCI.NT TOTAL OlRECT COST IN ACCOUNT 14 = . 533 ACCOUNT TOTAL** 1204205.09 337177.43 


=*0WER C0NDITI0NIN3 


15. 1 STD TRANSFORMER 

KVA 

IEEE 133,3 


.50 

.OC 

3860721.22 

77214,42 

PERCENT TOTAL DIRECT COST 

IN 

ACCOUNT IS = 

1. 745 

AC COUNT 

total** 

3350721.22 

77214.42 

AUXILIARY HECN EaUlPMENT 
15. 1 BOILER FEED PUMP SDR 

.KWE 

255354.7 


.55 

.04 

145275.C7 

10638.19 

IS. 2 OTHER PUMPS 

KWE 

3554 31. 2 


.32 

.12 

321573.46 

43851.74 

16. 3 MISC SERVICE SYS 

KWE 

527S45.1 


l.i? 

.73 

617578.73 

385326.90 

IS. 4 AUXILIARY 30ILER 

PPA 

.0 


4.90 

.SO 

.00 

.00 

PERCENT TOTAL DIRECT COST 

IN 

ACCOUNT 15 = 

.676 

ACCOUNT 

total** 

1085433.25 

439816,83 

PIPE E FITTINGS 

17. 1 CONVENTIONAL PIPIN3 

TON 

B30.D 

3000. 33 

1330.30 

2400000.30 

1440000.00 

17.i 2 HOT gas PIPING 

FT 

22C.0 

isrc.cE 

200.00 

330000.00 

44CDC.6C 

PERCENT TOTAL DIRECT COST 

TN 

ACCQUNT 17 = 

1. 358 

ACCOUNT 

T2TAL** 

2730000.00 

1484000.00 






Table 6.5 CQMBINEv" C-AS-STtAM TUR3TNF CYCLE ACCOUNT LISTING 

Continued PARAHETRIC POINT NO. 1 

ACCOUNT NO. £ NAME* UNIT AMOUNT NAT S/UnIT InS J/UKIT NAT COSTtS INS CCSTtS 


C7N 

I 

&> 

03 


AUXILIARY i-LEC EGUIPMENT 


13. 1 

disc MOTERSf ETC 


3SS431.Z 

1C- 2 

switchgear & MCC PAN 

KWE 

3 E 54 3 1,2 

13. 3 

CONDUIT »C A3 LESf TRAYS 


15430GO.O 

If ' . 4 

ISOLATED phase BUS 

FT 

oer.o 

13. 5 

LIGHTING a COMMUN 

KWE 

31 20 S3. 4 

PERC 

ENT TOTAL DIRECT COST 

IN 

ACCOUNT 18 : 


COMTRCL» iFSTROMEfiTATION 
L3. 1 COMPUTER EACH 1.3 

1'’. 2 CTHER CCNTROLS lACH 1.0 

'PERCENT TOTAL 3IRECT COST IN ACCOUNT 19 - 


^ROCECS WASTE SYSTEMS 

20- 1 ROTTOM ASH TPH .0 

ZD. 2 OR Y ASH TPH 27.3 

?0- 3 WET SLURRY TFH 154.0 

ZO. A ONSITE OlSPOSAL ACRE 4B3.5 

PEfiCENT TOTAL DIRECT COST IN ACCOUNT 20 = 


STACK gas cleaning 

Zl. 1 PRECIPITATOR EACH .0 

22 . 2 SCRUELER KWE .C 

Zl. 3 MISC STEEL 3 OUSTS .0 

percent TOTAL DIRECT COST IN ACCOUNT 21 r 

TOTAL DIRECT COSTStS 


1.4 3 

.17 

511303.53 

52123.30 

l.SS 

.45 

2872190.34 

164444. C4 

1.32 

1.3S 

2177939.37 

2243990.97 

510. DD 

450. DC 

183600.00 

162CD0.C0 

.35 

.43 

234224.27 

343189.92 

3 .554 ACCOUNT 

total* $ 

6029618.75 

2981757,12 

'440D30.3D 

13003.00 

14504C0.09 

locoo.on 

250000, CO 

150000.00 

250000.00 

15CCGC.CC 

. 324 ACCOUNT 

TOTALtS 

1700400.00 

150000.00 


.CO 

.00 

.00 

.DC 

1753254.39 

440 313.72 

1763254.59 

443913.72 

3°CS8C4.47 

977451,12 

3909804.47 

977451.12 

5798.15 

8773.93 

2838080.31 

4234664.25 

6.304 ACCOUNT 

TOTALfS 

8511140.12 

5712923.06 


376S4T4.31 3747553.53 

.00 

.00 

24,81 11.38 

.00 

.00 

.00 .00 

.00 

.00 

.COO ACCOUNT TOTAL#* 

.00 

.CC 

1642 

76800,00 

EC76S51G.0C 


{ ■: 




Table 6.6 


CDMEINED GAS-STEAM TUREINF CYCLE 


ACCOUMT .VO 
‘I 
14 
18 

TDTAL5 


AUX POWERfMWE PERC 
2.66342 
. 300DD 
2.75520 
5. A22S2 
COM BIN EC GAS-STEAM TORE IN- 


PLANT POW OPE7ATIOV COST MAINTENANCE C3ST 


NOMINAL P3HEI. MWE 
NOM HEAT RATE. BTU/KW-HP 
ST TUR3 heat RATS CHAN3E 

condenser 

DESISN PRESSURE. IN 43 A 
NUMBER OF TUBES/SHELL 
U. 3TU/HR-."T2-.=’ 

HEAT REJCCTION 
9ESI3N TEKP. 

RANGE. F 

OFF OESIGN PRES. IN 43 A 


39 


49.116*11 14.9GS9C 

.OOOia 1.61775 

50.8B318 .DDCOO 

1.A0713 15.52S6S 

cycle >?ASE CASE INPUT 
.3030 NET PDWE.R. MHE 

.OSIS ^ 

.9354 


4.2E646 
.00000 
.orcDC 
4 . 25 S4 5 


NET HEAT RATE. DTU/KW-HR 


335. 

743£, 


3774 

.3174 


2, 

5675 
5 31. 


DODO 
.53 55 
457 7 


7UMGER 3F SHELLS 
TUBE LENGTH. FT 
TERMINAL TEM? OIF.-. F 


1 . 

77 


□033 

.446? 

0300 


51. 

23. 


4CjD 

DGOa 

3719 


\PPR3ACH. F 

OFF DESIGN TEKP. F 

E? TURBINE 3LA0E LEN. l.V 


21 , 

77, 

25. 


S744 

.ccct 

0000 


1 

12«.30D 

2 

.COD 

3 

.465 

4 

.OCC 

5 

3. CCD 

5 

S7-130 

7 

2.000 

3 

456600030.300 

3 

l.OOD 

10 

1 . 000 

11 

l.DOD 

12 

.ODD 

IE 

l-COO 

14 

1 .OOP 

15 

-COO 

IS 

l-COO 

17 

50.003 

13 

3,003 

19 

5.000 

20 

.000 

21 

1-ODC 

22 

66 DC. ODD 

O T 

.GOD 

24 

7CD.00P 

25 

• ODD 

25 

2213399-000 

27 

2500.000 

23 

5Q33,aOO 

23 

7253000.0DP 

30 

-500 

31 

-800 

32 

3DC,P00 

33 

.COD 

34 

.500 

25 

.500 

33 

573000.030 

37 

300.000 

38 

l.QOO 

33 

1.000 

40 

322310. ODD 

41 

770DC.DC0 

42 

.ODD 

4E 

-DOO 

44 

6GCD0.0C0 

45 

36CC0.0GC 

45 

-090 

47 

.000 

43 

3.000 

43 

l.OQO 

50 

6.D0D 

51 

1 

-CDC 

1.031 

52 

7 

5.350 

1.300 

3 

1.000 

4 

1.001 

5 

1.000 

6 

1-DDG 

• 7 

1-CGD 

8 

1.000 

S 

1206800.000 

10 

.C5G 

11 

341530.093 

12 

.050 

13 

2475410.000 

14 

.050 

1 5 

1338530.000 

16 

-140 

17 

252a7CC,0G0 

18 

.090 

IS 

1148200 .ODD 

20 

-lOG 

21 

333503. 003 

22 

.350 

23 

2550033. OOD 

24 

.030 

25 • 

1-000 

2F 

457000D-QCD 

27 

.300 

28 

5DD4DD.D0D 

2S 

.140 

30 

24B2CC.0GC 

31 

-143 

32 

.000 

33 

.000 

34 

.000 

35 

.000 

36 

-ODD 

37 

-CDC 

38 

.ODD 

39 ' 

.ODD 

40 

.000 

41 

.030 

42 

.000 

43 

.000 

44 

.000 

45 

.000 

4 6 

-ODO 

4 7 

-DGO 

48 

.000 

49 

2.00D 

50 

1.000 













Table 6.7 CCMFINED GA^-STCAM TUHBIN.=^ CYCLF ACCOUNT LISTING 

PARAHETRi: POINT MO. 2 


ACCOU^(T NO. g NAKEf UNIT AMOUNT HAT */UNlT InS s/UNIT HAT COST** INS COST** 


SITE DEVELOPMENT 

1. 1 LAND COST ACRE 51.3 lOCO.Ol .00 5000D.OT .00 
3. 2 CLEAPING LAND ACRE 1G.7 .DC GOD. DO .CO SS9S.0C 
1. 3 GRADlNo LAND ACRE 5T.0 .30 3300.00 .30 150000.00 
1. 4 ACCESS railroad MILE 5.C IIEDPO.CO 110000.00 575DCD.D0 55DC00.CD 
1. 5 LOOP SAILR0A3 TRACK MILS .0 12COOO.OD 70000.00 .90 .00 
1. S SIDING R R TRACK MILE 1.0 1250CD.C0 80000.00 125D0D.CD 8CCCC.0G 
1. 7 OTHER SITS COSTS ACRE .0 .00 .00 113248,30 11324S.90 
percent total direct cost IN .ACCOUNT 1 = 3.C51 ACCCUNT TCTAL*t 808248.8® 3C3247.93 


EXCAVATION £ PILING 

•?. i rnMMnw rY^«U4' 



2. I COMMON EXCAVATION 

Y93 

13933.3 


.39 

3.00 

.09 

59400.00 

I' ■ 

3.2 PILING 

FT 

528CC.D 


6.50 

8.5C 

343200.00 

44880C.CF 

1 

PERCENT TOTAL Dr.RECT COST 

IN AC 

COUNT 2 r 

1.4G2 

account 

TQTALfi 

343200.00 

503200.00 

1; 

=LANT I5LA.V3 CONCRETE 








■ 

3, 1 PLANT IS. CCNCRETE 

YD3 

6BCC.D 


70. DC 

8C.D0 

4B2CDC.DD 

528C0C.0C 

t 

3. 2 SPECIAL STRUCTURES 

Y03 

.0 


.00 

.00 

.00 

• DO 

1- 

PERCENT TOTAL DIRECT COST 

IN ACCOUNT 3- 

1.7GD 

ACCOUNT 

TOTALfS 

462DDD.0D 

52SC0C.D0 

i- 

HEAT REJECTION SYSTEM 








I’ ^ ■ 

4. 1 C00LTN3 TOWERS 

EACH 

5.0 


.DO 

-03 

757500. QC 

332500.00 

1 ; 

4. 2 CIRCULATING H2C SYS 

EACH 

1.0 


.00 

.00 

306347.74 

410773.6C 

4. 3 SURFACE CONDENSER 

'TZ 

115074.3 


.30 

.00 

543937.33 

30551.98 

I- ■ ■ 
1 

PERCENT total DIRECT COST 

1 

IN ACCOUNT 4 ~ 

4.279 

ACCOUNT 

TCTALtS 

1617785.12 

373825.57 


° STRUCTURAL FEATURES 









5* 1 STaT. STRUCTURAL ST. 

TON 

703.0 

550. DO 

175.00 

455009,90 

122500.09 

■ 

5. 2 SILOS g BUNKERS 

TPH 

,0 

1800. CD 

750.00 

,00 

.00 


5. 3 CHIM.MEY 

FT 

.3 


.90 

.00 

.90 

.00 

p-; 

5. 4 STRUCTURAL FEATURES i 

EACH 

1.0 

322000.00 

77000.00 

3220G0.00 

77DDC.CD 

t': 

PERCENT total DIRECT COST 

IN ACCOUNT 5 = 

1. S77 

ACCOUNT 

TOTAL** 

777000.00 

199500.00 


BUILDINGS 









6.1 station BUILDINGS 

FT3 

22100CC.D 


.16 

.16 

353600. CC 

353600. CC 

6. 2 AOMINSTRATION 

-T2 

2503.0 

15.00 

14.00 

40000.00 

35000.00 


6. 3 warehouse 8 SHOP 

FT2 

5CDD.0 

12.00 

8.00 

60000 .CO 

4CP0C.CC 

B: 

fir ;. : 

percent total direct cost 

IN AC 

COUNT S - 

1.515 

account 

TOTAL** 

453600.90 

429600 .00 


FUEL .RANDLXNS S STORAGE 









7. 1 COAL HANDLING SYS 

TPH 

• D 


.CD 

.00 

.00 

.00 

nx' 

7. 2 DOLOMITE HAND, SYS 

TPH 

.0 


.00 

.00 

.00 

• 00 


7. 3 FUEL OIL HAND. SYS 

GAL 

725DDCC.C 


.00 

.00 

668096.07 

517891.43 

i::;. 

PE.RCENT TOTAL DIRECT COST 

IN ACCOUNT 7 = 

2.037 

account 

TOTAL** 

S6809S.07 

517891.43 

f-l’X 

"^UEL PROCESSING 






.00 


' 

8.1 GOAL dryer S CRUSHER 

TPH 

.0 


.00 

.00 

•00 


8. 2 CARBONIZERS 

TPH 

.0 


.00 

.00 

.00 

.00 

fr:; 

B- 3 gasifiers 

TPH 

.0 


.CD 

.00 

.00 

• CO 


PERCENT total -DIRECT COST 

IN ACCOUNT 8 - 

.090 

account 

TOTAL** 

.00 

-00 


I 








labia 6 » 7 CO 

Continued 

ACCOUNT N’O* 6' NAKFf 


COMBINED GAS-STEAf' TURBINE CYCLE 
PARAMETRIC POINT NO. 2 


ACCOUNT LISTING 


AMOUNT MAT f/UNIT INS $/UNlT MAT COSTtS INS fGSTtS 


FIRING SYSTEM 


3. 1 ^ ■ 


.3 

.03 

.00 

.00 

.00 

FERCENT TOTAL DIRECT COST 

IN ACCOUNT 

9 n 

.CEO ACCOUNT 

TOT AL»T 

.00 

.GC 

VAPOR generator (FIOCD) 

lO. 1 


.0 

,30 

.00 

.00 

.00 

PERCENT TOTAL DIRECT COST 

IN account 

10 z 

.rOO ACCOUNT 

T CTALf S 

.cc 

.cc 

energy CONVERTER 

II. 1 OaS TUR3 COM^* SECT 

EA 

■■ 7 ■ "3 

1'DS83G.33 

50340.03 

2413303.00 

120580.00 

11. 2 GAS TURD -CCMr? SECT 

EA 

2*. D 

2415Q0.C0 

17075.00 

683000. GO 

341EC.CC 

11. 3 CAS TUR3 TUR3 sect 

EA 

?.P 

2475400.30 

L23770.DD 

4930300.00 

247540.00 

11- 4 GAS TURb ENG AUX 

EA 

2.0 

1ES650C.0C 

1S439D.DD 

2777CCD.0C 

38S78C.CC 

11. 5 Gas ruR3 senerator 

EA ■ 

2.P 

2 ■.28 700. DO 

227583.00 

5057400.30 

455165.00 

11. G G T muffler 8 COOLER 

S EA 

2.C 

114820D.0G 

114620.00 

22S640D.C0 

22S64C.0C 

11- 7 GAS TUR3 EN3 MTSC 

EA 

7.n 

333500.30 

115725.00 

S 57000. OP 

233450.00 

11. 8 STEAM TURDINE-GENER 

EA 

i.b 

£252631.52 

536658.57 

6352631.62 

636650.57 

PERCENT TOTAL DIRECT ‘COST 

IN ACCOUNT 

11 - 

47. 307 account 

ToTALf $ 

25137331,30 

2346364.53 

COUPLING heat EXCHAN3EH 







12- 1 HEAT REC STEAM GEN 

EA 

2.0 

457PDCL.00 137100C.0D 

SI 40 CPC. DO 

2 742 COE. CC 

PERCENT TOTAL DIRECT COST 

IN ACCOUNT 

12 - 

20.408 account 

TDTALfi 

9140000.00 

2742000,00 

HEAT RECOVERY HEAT EXC’H, 
13. 1 


.C 

.00 

.00 

• CO 

.CC 

PERCENT TOTAL DIRECT COST 

IN ACCOUNT 

13 = 

.000 ACCOUNT 

TOTAL f$ 

.00 

.00 


WATER TREATMENT 

14. 1 DEMXNERALI7ER GPK 21.5 25QD.CO 7DD.OG S3bSC.CC 15C3C.4C 

lA. 2 CONDENSATE POLISRIN3 KME .0 1.25 .30 .00 .00 

PERCENT TOTAL DIRECT COST IN ACCOUNT 14 = .118 ACCOUNT TOTALf* 53680.00 15C3C.RC 


POWER CONDITIONING 

15. 1 STD TRANSFORMER KVA R7754A.T .30 .00 2153323.72 

PERCENT TOTAL DIRECT COST IN ACCOUNT 15 = 3.731 ACCOUNT TCTAL»S 2163S2S.72 


AUXILIARY MECH EGUlFKENT 

IS. 1 30ILER FEED PUM° S3R.KWE 15523A.3 .55 .04 

IB. 2 OTHER PUMPS KWE 226027.6 ,88 .12 

15. 3 MISC SERVICE SYS KW£ 351S44.2 1.17 .73 

16. 4 AUXILIARY BOILER PPH ,0 4. PC ,80 

PERCENT TOTAL DIRECT COST IN ACCOUNT 16 - 1.725 ACCOUNT TDTALiS 

3I3E i FITTIN3S 

17. 1 conventional PIPING TON 30C.C 30C0.GD ISOO.OO 

17. 2 HOT 3AS Pl^INS FT .0 ,30 .OC 

PERCENT TOTAL DIRECT COST IN ACCOUNT 17 - 2.473 ACCOUNT TOTALt* 


SOODOO.OC 

.00 

SDPOOO.CG 


43273.52 

43278.52 


155234.9 

• 55 

,04 

35379.21 

5209.40 

226027.6 

,88 

.12 

1S8304.2S 

27123.31 

351544.2 

1.17 

.73 

423123.56 

254000.23 

,0 

4. PC 

,80 

.00 

,CG 


707407.14 297332.93 


E4CC0C.C!: 

.OP 

54CCDC.00 


ig 

> % 

vj 1-3 

'•'Vo-: 

. o 

vO 




Table 6.7 
Continued 


lOMSINEO 3AS-STtAM TURBINc CYCLE ACCOUNT LISTING 
PARAMETRIC POINT NO • Z 


ACCOU.NT NO. 6 NAHEf UNIT AMOUNT HAT S/UMIT INS t/UNIT NAT COSTt* 


INS COSTtS 


AUXILIARY ELiC EQurpMENT 
18 - 1 MISC MOTERS.ETC 22E027.e 

13. 2 SWITCHGEAR S MCC PAN KWE 225027. S 

18- 3 CONDUIT fCABLESrTRAYS FT 67C0DD.0 

13. 4 ISOLATE! PHASE lUS -T 300.0 

le. 5 LieHTiNG S COMKUN KWE 452055.2 

PERCENT TOTAL DIRECT COST IN ACCOUNT 13 = 


1 .40 
1.35 
1.32 
510.00 
.35 


.17 
.45 
1.36 
450.00 
.43 


7.444 ACCOUNT TOTAL tJ 


316438.64 38424.6S 

1441553.81 101712.42 

884399. S3 S111SS.9S 

153D00.QD 135000.00 

158219.32 1S4383.72 

2953511.72 1380720.31 


CONTROL. INSISUMENTATEON 
IS. 1 COMPUTER 

EACH 

l.D 

.CD 

.00 

4 92 40 C. CD 

.00 

19. 2 OTHER CONTROLS 

EACH 

l.D 

53000.00 

35000.00 

50000.00 

35000.00 

PERCENT TOTAL DIRECT COST 

IN ACCOUNT 

IS = 

1,011 ACCOUNT 

TCTALtS 

552400. CO 

3ECCC.00 

PROCESS WASTE SYSTEMS 
20. 1 30TTOM ASH 

TP A 

.□ 

.00 

.00 

. 00 .... 

.on 

?D- 2 DRY ASH 

TPH 

.0 

.CD 

.00 

.00 

.00 

20. 3 MET SLURRY 

TPH 

.0 

.00 

.00 

.00 

,00 

20. 4 ONSITE DISPOSAL 

ACRE 

.0 

7676.43 

11C7D.89 

.GO 

.DC 

PERCENT TOTAL DIRECT COST 

IN ACCOUNT 

20 = 

.000 account 

total*$ 

.00 

.00 

STACK GAS CLEANIN3 
21. 1 PRECIPITATOR 

EACH 

.0 

.DO 

,0D 

.00 

.00 

21. 2 SCRU33ER 

KWE 

.0 

34.15 

15. SS 

.00 

.00 

21. 3 MISC STEEL 8 DUCTS 


.0 

. DC 

.00 

.00 

.00 

PERCENT TOTAL DIRECT COST 

IN ACCOUNT 

21 = 

,DOO account 

TOTAL** 

.00 

.00 


total DIRECT COSTSf* 45353739.00 11354531.87 


Table 6,8 


COt't-lMtC GUr-STEA^I TUPcIVE CYCLE TCPKARY FLANT RESULTS 


FAr-AMETRlC POINT 


TOTAL CA>TTAL ZOi: t'*% 

6Ab Tt^BIM COPfRLSSOR ^.ECTtrs 
3AS TU»3lNi C3M1 JASCTS 
6AU r^.:tfJNL TUPJIVE SECTICNt»^$ 
MTSC ZM TUT3In: AKI.tARY .Nt 
GAS TUtulNt GCNEPATOH tf»« 

ST:AM TUR3INI 3IN:naT0R .MS 
HEAT RECOVERY STEAM GEN .MS 


TOT MSJO-* compon-:nt cost .ms 
TOT MAJOR CCMPCNINT C0ST.»/KWE 

.s/Kv: 


3ALANCE O’ P'.AMT COST 
SITE LABCR 


.»/KWE 
. S/KUE 
.t/KME 
. S/KUI 
.*/KUE 
. t/KUE 


TOTAL OITECT COST 
INDIRECT COSTS 
»RO- H OJSl'i COSTS 
contingency COST 
-ISCALATION COST 

INT DUPING CONSTPliCTION .S/KUE 
TOTAL CAPITALIZATION .S/KUE 
COST OF LLEC-CAPITAL tMiLLS/KWE 
COST 0«f ILEC-rJSL .MI’.LS/KWi 
COST OF LLEC-OPCM AIN .MILLS/KWE 
TOTAL COST 0- ILSC .MI'.LS/KUE 
N COE 0.5 CAP. FACTOR .MILLS/KUE 
COE o.T :a». -actor .MI'.LS/KUI 
COE l.?XCAP, COST .MILLS/KKE 
COE T.2X-JEL COST .MI'-LS/KUE 
COE (CONTlNGENCYrri .MILL^/KWE 
COE TESCAL ATEONZCI .MI'_L§/KU£ 


PATANIT^IC POINT 


total capital COST .MS 

8AS TURBINE CON’RiSSOR 5ECT»'*t 
BAS TURBINE COMB BASKETS .MS 
GAS TUT3IN" TJRTINS SiCTIDN.-S 
HTSC GAS TURBINE AUXILIARY .MS 
GAS TURBINE BSNiRATOR .MS 

STEAM TURBINE C-CNERATOP .MS 

h:at ricovery steam cen ,ms 


TOT MAJOR COMPONENT COST .MS 
TOT MAJOR COMPONENT COST. S/KUE 


S BALANCE OF PLANT COST 
U SITE LABOR 
L total DIRECT COST 
T INDIRECT COSTS 

PROF g OWNER COSTS 


I C0MTIN3ENCY COST 
P ESCALATION COST 


.S/KUE 
.S/KUE 
.S/KUE 
. S/KUE 
.S/KUE 
. S/KUc 
.S/KUE 


IMT BURIN3 CONSTRJCTION .S/KUE 
total capitalization .S/KUE 
COST Oe- iLEC-CA®lTAL. MILLS/KUE 
COST OF FLEC-FUEL .MILLS/KUE 

COST OP *lec-op*main.mills/kwe 

total COST OF ELFC .MILLS/KUE 
COE a.5 CAP. 'ACTOR .MILLS/KUE 
COE 0.9 CAP. FACTOR .MILLS/KUE 
COE l.ZXCAP. COST 
COE I./XFUEL COST 
COE I CONTINBENCYrj » .MILLS/KUE 
COE (LSCAL ATIONrC) .MILLS/KUE 


.MILLS/KUE 

»MILLS/KWE 


1 


3 

4 

5 

6 

7 

8 

3BB.D7 

99.94 

32.44 

195.33 

236.31 


1 39.10 

190.39 

•I .PC7 

1.414 

r.414 

4.627 

4.827 


4.827 

4.827 

1.5C’ 

.653 

.333 

1 . 3S5 

1.353 


1.3S6 

1.356 

IE .1F£ 

4.551 

4.951 

r.SQ2 

** op*> 


S.SC2 

5.9C2 

13.4R7 

5.740 

5.743 

11.431 

11^4 91 


11 .481 

11 .491 

IL .7£5 

5.057 

5.057 

1C .ll.' 

IP. 115 


1C .115 

ir.115 

IB. 075 

S. 353 

7.115 

12.212 

12.2?? 


n.384 

in. 045 

?A .zro 

9.140 

S.6 70 

25.26C 

27.540 


25.48C 

22.C6C 

7',. 0*7 

'.4.33 8 

5S.ST9 

75.152 

77.452 


73.255 

69.795 

9‘ .8r7 

’■-9.1C2 

SI. 334 

44.711 

97.35P 


93.654 

5C .468 

llA. 5ZZ 

!2.433 

32.332 

25. 235 

29.753 


20.117 

iv.m 

77.5CP 

’’5.4 5C 

29.9RO 

27.243 

2S.6»1 


25.127 

237. BM3 

1=.1.09 2 

153.525 

143.293 

155.735 


151.933 

149.186 

39.555 

15.P4C 

15.228 

17.914 

15.13C 


14 .855 

14.365 

23.033 

12.097 

12.232 

11.853 

12.464 


12.155 

11.355 

2( .159 

S.CE5 

9.221 

1C. 356 

ir.883 

•O 

1C. 595 

1C.32C 

53.523 

'?.C77 

22.439 

29.490 

31.373 

U 

30.212 

20.370 

EG. 253 

.’’3.775 

24.214 

32.815 

34,587 


33.613 

32.671 

R36. 553 

233.125 

23S.351 

245.717 

253.935 

0 

253.37? 

246.766 

15.S97 

7.37C 

7. 491 

7.799 

6.217 

o 

9.C1C 

7.8C1 

F. 352 

1 9.342 

1 3.133 

13.732 

19.733 

5 

19.073 

10.325 

1 .7C2 

.591 

.591 

.589 

.583 

.588 

.589 

2R. 251 

’7.393 

27.139 

77.130 

27.533 


27.570 

27.715 

29.C71 

Z9.E25 

25.548 

29.631 

3P.115 

o 

3C.1B4 

3C .167 

21.233 

!5.845 

25.711 

25.543 

25.323 

z 

25.034 

25.178 

29.275 

27.39C 

?8.777 

28.638 

28.74C 

23.181 


25.272 

25. £Z1 

U.171 

31.311 

33.939 

31.235 


31.435 

31.59C 

23.397 

22.122 

26.946 

25.537 

2C.827 

25.410 

26.742 

25.125 

27.C78 

25.427 


P,:Ui 

U:UI 

3 

19 

11 

12 

1-3 

14 

IS 

15 

191.92 

192.8c 

191. Cl 

196.27 

183 .59 

168.33 

153 .6C 

216.13 

A. 327 

4.327 

4.327 

4.827 

4.927 

4.327 

4.927 

4.827 

1 .3GB 

1.366 

1.366 

1.366 

1.366 

1.366 

1 .366 

1.366 

3. 92A 

9.383 

3.392 

9.992 

3.302 

3.902 

9.902 

9.902 

11. 540 

11.424 

11.461 

11.481 

11.481 

11.481 

11.481 

11.481 

13. 173 

19.952 

13.115 

10.115 

10.115 

10.115 

10.115 

in. 115 
11.538 

5.781 

9.925 

3.855 

5.87C 

G.1C3 

1C.C3C 

S.C23 

22. 749 

’3.329 

22.520 

24.720 

21.104 

23.123 

23.120 

31.640 

70 .349 

7P.8P3 

7C.C66 

72.281 

67.557 

7C .84C 

65.334 

81.268 

33. 527 

31.445 

93.353 

32.731 

90.674 

90.354 

95.207 

101.843 

25.437 

29.468 

29.54C 

29.383 

2B.CE5 

27.C75 

36.555 

29.0 54 

23. 254 

23.535 

23.325 

29.351 

27.741 

26,936 

23.716 

31.258 

14c. 215 

149.449 

148.734 

151.115 

14 7,4 7r. 

144.366 

161 .478 

162.155 

14.410 

14.553 

14.445 

14.755 

14.148 

13-739 

14.645 


11.857 

11 .956 

11.899 

12.099 

11.794 

11. .54 5 

12.018 

13. 339 

13.412 

13.353 

IP. 534 

10.233 

10.365 

11.184 


25 .424 

29.652 

25.48P 

7C.02C 

29.C.P0 

28.63E 

31 .499 

32. 737 

32.397 

32.734 

33.433 

32.270 

31.861 

34.995 

35.155 

246.975 

24®. OPS 

247.711 

251. 9’C 

244,555 

24C .213 

266.719 

27C.842 

7. 337 

7.972 

7.331 

7.354 

7.744 

7,594 

9.432 

8.552 

15.188 

IS. 259 

IS. 337 

19.135 

IS. 841 

1S.C18 

2C .£43 

18.68? 

. S39 

.599 

.594 

.599 

.573 

.55? 

.552 

.588 

27.583 

’7.719 

27.757 

27.651 

2C.214 

27.164 

25.526 

27.832 

33. 037 

33.192 

33.217 

33.142 

30.643 

23.553 

32.167 


2F.04*; 

2G.1E9 

26.214 

26.127 

2F.F87 

25.665 

27.871 

23.145 

■•9.234 

23.323 

29.294 

29.7S2 

23.612 

31.213 

20.544 

31.421 

31 .571 

31.G24 

21 .514 

32.1"2 

3C.567 

33.635 

31.568 

27. 147 

27.273 

27.319 

27.245 

27.782 

25.739 

20.055 

u*.r,5 

2E .532 

76.6fP 

26.704 

2C .C16 

27.177 

76.14C 

29.4C2 
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T-^hle 6.8 CCKbI‘4EC GAS-STEat* TURBINE CYCLE '“UMMARY PLANT RESULT^; 

Continued 


parahltric point 


17 

le 

19 

20 

21 

22 

23 

24 


TOTAL CA>ITAL COST 

#M$ 

?12.A2 

'35.43 

273.25 

92.25 

38.34 

39.35 

83.77 

69.24 

p 

GAS TURBINE COMPRESSOR SECT.M* 

3.620 

2.414 

2.414 

2.414 

2.414 

2.414 

2.414 

2.414 

« 

SAS TUT3INE COM3 3A5><iTS tMi 

I.02R 

.533 

.533 

.533 

.583 

.683 

.533 

.683 

A 

GAS lUPerNE TURBINE SECTlONtMS 

7.42C 

4.951 

4,951 

4.951 

4,951 

4.952 

4.940 

4.951 


MISC 3AS TUR3IN^ A'JKI'.tARY tM$ 

3. Sll 

5. 740 

5.740 

5.713 

5.740 

5.770 

5.712 

5.740 

1 

Gas turbine cenerator >ms 

7. 588 

5.057 

5.057 

5.057 

5.057 

5.C8S 

5.C31 

5.057 


STEAM T'JRirNi 3 -n: 

rator .-s 

1 3.035 

15.933 

24.352 

5.4S7 

5.295 

5.315 

5.3 90 

9,325 


HEAT RECOVERY STEAM GEN »M$ 

2f .928 

2G.51C 

34.998 

1C .20C 

8.730 

S.14C 

9.15C 

..88C 

T 

TOT MAJOR COMPONENT 

COST fMS 

71 . 352 

S2.3S9 

73.595 

35.532 

33.951 

34.359 

34.319 

34.350 

E 

TOT MAJOR COMPCNENT 

COSTtt/KUE 

93.3E2 

79.7P2 

74.773 

91.503 

89.183 

88.S5C 

89.241 

86.493 

h 

3ALANCI 3- PLANT COS 

T 

33. 333 

>2.591 

31.513 

32,373 

32.553 

32.454 

32.519 

32.518 

SITE LABOR 

f«/KUE 

33.752 

21 .248 

31.755 

30.202 

29.239 

25.442 

25.53* 

29.315 

1 

TOTAL 3IRICT COST 

f %/KdZ 

151. SIR 

113.541 

141.153 

154.134 

143.335 

150.947 

ISl.JOC 

150.325 

T 

INDIRECT COSTS 

•♦/KWE 

17.214 

15.935 

15.2CC 

15.403 

14.912 

15.C1E 

15.CF3 

14.951 


»RO=^ 8 OVNSR COSTS 

t S/MWI 

12.921 

11.491 

11.233 

12.335 

11.399 

12.053 

12.103 

12.325 

B 

CONTINGENCY COST 

t»/KUE 

12 .030 

11 .451 

11.528 

9.256 

8. 995 

5 .053 

9.076 

9.018 

T 

ESCALATION COST 
IKT During construct 

t t/KWE 

3«^.7l3 

37.189 

38.315 

22.551 

21.300 

22.054 

22.100 

21.959 

E 

ION tf/KUE 

41 .511 

42.796 

4F.147 

24.298 

23,582 

23.75C 

23.798 

23.645 


TOTAL CAPITALIZATION 

t»/KWS 

731. 932 

ZS7.504 

251.333 

233.035 

231.374 

232.737 

233.434 

231.926 

K 

COST OF ELEC-CAPITAL 

•MILLS/KUE 

.912 

8.298 

3.358 

7.525 

7.314 

T.359 

7.379 

7.332 

3 

COST OF i.LcC-F‘JSL 
COST OF ILEC-OPBHAIN 

f MILLS/KVi 

19.237 


23.330 

13.234 

13.413 

13.235 

19.389 

19.376 

0 

tMILLS/KWE 

.535 

.515 

.590 

.591 

.551 

.591 

.591 

4 

TOTAL COST 0«=’ :LSC 

♦MILLS/KMS 

23. 734 

29.139 

23.873 

27.343 

27.323 

27.245 

27.359 

27.298 

N 

COE 0.5 CAP. FACTOR 

tMILLS/KWE 

31.559 

31.770 

32.492 

29,718 

29.529 

25.554 

29.585 

29.609 


COE 3.3 CAP. FACTOR 

tNI'.LS/KWi 

27.033 

27.533 

23.231 

25.853 

25.977 

75.791 

25.901 

25.849 


COE 1.2XCAP. COST 

tMILLS/Kwl 

3C .556 

30.878 

31.545 

28.854 

28.786 

28.717 

28.835 

28.765 


COE 1.2X-JSL COST 

tMILLS/KWE 

32. 531 

33.221 

34.353 

31.135 

31.207 

31.104 

31.237 

31.173 

25.943 


COE (CONTINGENCYrcl 

tMILLS/KWE 

2?. 258 

L'8.548 

25.334 

25.984 

2C.9r.9 

2C.889 

27 .002 


COE tSSCALATION=OI 

tMILLS/KWE 

27.453 

27.793 

28.427 

25.555 

25.554 

26.433 

25.593 

26.537 


PARAMETRIC »OIMT 


23 

25 

27 

23 

?9 

30 

31 

32 


TOTAL CAPITAL COST 

tMS 

91.44 

88.12 

87.89 

89.27 

MP.57 

122,58 

ICO. 57 

134.63 

> 

GAS TUR8INS COMPRE 

5S0R SECTtMS 

2.414 

2.414 

2.414 

2.414 

7.414 

2.414 

I.PQ7 


L 

GAS TURBINE COMB BASKETS tMS 

.583 

.583 

.583 

.583 

.683 

.583 

.342 

A 

GAS fURSINE TJRIIN 

: srcTiONtMs 

4. 351 

4.951 

1.351 

4.951 

4.351 

4.951 

2.475 

2.475 

N 

RISC GAS TURBINE AUXILIARY tMS 

5.740 

5.740 

5.740 

5.740 

5.740 

5.74C 

2.870 

2,8 7 r 

T 

GAS IUR3INE SEN'RATOR tMS 

5.057 

5.057 

5.057 

5.057 

5.057 

5.057 

2.529 

2.529 


STEAM TURBINE GENERATOR tMS 

6.390 

6.278 

6.495 

5.421 

7.000 

2.257 

1C. 330 

12.981 


HEAT RECOVERY STE*. 

M 3EN fMS 

9.880 

3.550 

9.030 

9.100 

3.938 

14.454 

9.198 

12.268 

R 

TOT MAJOR COMPONENT 

COST tMS 

35.115 

33.683 

34.430 

33.366 

34.844 

42.557 

28.950 

34.671 

• 

TOT MAJOR COMPONENT 

COSTtS/KWE 

33.932 

OS. 500 

83.132 

93.104 

90.757 

92.409 

81.851 

74.186 

S 

balance of plant cost tS/KWE 

32.4 54 

32.525 

29.812 

4C.042 

32.591 

3E.C4C 

45.836 

*0.286 

u 

SITE LA90R 

total direct cost 

tS/KWE 

30.023 

23.158 

27.792 

29.623 

73.559 

34.550 

40.137 

41.834 

L 

tS/KWE 

153.414 

15C.194 

145.795 

162.759 

153.017 

163.CCS 

167.825 

166.305 

T 

INDIRECT COSTS 

tS/KWE 

15.314 

14.376 

14.171 

15.103 

15.125 

17.525 

20.470 

\h-M% 


PROF 8 OWNER COSTS 

tS/KWE 

12.273 

12.015 

11.554 

13.022 

12.241 

13.C41 

13.426 

i 

CONTINGENCY COST 

tS/KWE 

1.237 

3.001 

3.751 

9.709 

9.170 

10.778 

11.655 

11.880 

P 

ESCALATION COST 

tS/KWE 

22.432 

21.885 

21.296 

23.355 

22.331 

22.398 

33.744 

35.502 

A 

INT 0URIN3 CONSTR'JCTIDN tS/KW? 
TOTAL CAPITALIZATION tS/Kwl 


2 3 1 *. 1^4 

2i^*.iis 

zSV.iU 


ziuns 

37.512 

284.631 


K 

COST OF vLEC-CAPiTAL 
COST OF tLEC-FUEL 

tMILLS/KWE 

7.485 

7.319 

7.101 

7.874 

7,459 

8.414 

3.998 

zvm 

0 

tMILLS/KWE 

19.309 

19.583 

19. ICO 

20.798 

19.419 

12.271 

22.404 

0 

COST OF i_LEC-OPlNAIN 
TOTAL CO^T OF LLEC 

tMILLS/KWE 

27*.l8l 

.583 

.552 

29*.lll 

•53? 

.599 

32*.cl^ 

33".IU 

w 

tMILLS/KWE 

27.490 

26.753 

27.470 

28.584 

N 

COE 0.5 CAP. -ACTOR 

tMILLS/KWE 

23.742 

29.797 

23.335 

31.637 

23.318 

IV.H? 

34.834 



COE C.8 CAP. FACTOR 

tMILLS/KWE 

25.9C7 

25.043 

25.347 

27.672 

25.99G 

3C .251 


COE 1.2XCAP. COST 

tMILLS/KWE 

23. 332 

23. 353 

23.173 

30.708 

28.331 

30.557 

33.823 

35.077 


COE 1.2XFUEL COST 

tMILLS/KWE 

31.247 

31.406 

30.573 

33.383 

31.353 

32.278 

36.504 

37.9Grj 


COE fCONTINCENCm 1 

tMILLS/KWE 

27.023 

37.135 

?5.4'J9 

28.842 

77.E03 

23.511 

31.532 

32.748 


COE fESCAL ATIOK=0) 

tMILLS/KWE 

28.607 

•’5.731 

25.015 

28.-:15 

28.695 

27.S45 

3C .818 

31.981 











r.nhle 6.B CI^-IvT. **■' iTTir 

TU»‘*:N*i 

CYCLE C 

I'HHAPy 

-LAKT RESI'LTS 





C.^ntlnue^ 
•fc'ArilRIC. ‘OiNT 

T .' 

J4 

»c 

2G 


7F 

TC 

4C 


TJTAL :4'»ir4u :ajT #-i 

15'>. 7 ) 

147.22 

144.37 

137. 2i 

121.42 

1G7.17 

163.13 

155. >7 

T 

G;.:> To*-i<i.*.£ Ct.-r pr*:sop tect.*'! 

A .ASC 

4.E27 

-.3.3E 

! .9E7 

4.45C 

4.CC? 

r .376 

8.967 

1 

3%> Turns-: :3»<^ i\5<:t> .si 

1. 3?.l 

1.222 

1.273 

1.237 

1.147 

1.294 

1.352 

1.358 

A 

GAS Tur.EINL SECTirS.ss 

•'-IN? 

c.sBr 

t».5?4 

= .901 

-.‘■3 = 

o.45r 

It .114 

1C .552 

>1 

Misc luTiiN- Ajxr:i\'»r 

1. , 

C.272 

3.327 

C.9SI 

7.77 j 

3- 3>9 

7.674 

0.256 

T 

SAtk lurElN'E rEMEPATCW .f** 

7.G4S 

7.94C 

:.rc5 

7.92E 

'.371 

«.r 31 

8.773 

8.346 


ST£»1 TJ^srs: 3'NI^4T3<» »S$ 

3. 7C4 

7.533 

C.333 

5.33? 

i:.3i4 

8.507 

7.753 

15 .1?C 


HEAT RtCOVlkY STFA- ''IP »•'» 

1C .3,7'- 

ir. 2 ?r 

14.26P. 

13.016 

23.446, 

lE.src 

If .72C 

? 

T3T major :'JS’fJS:NT COST .-s 

S7. 14? 

SS.5C4 

5S.733 

55.373 

S3. SIS 

51.331 

6,2.734 

60.759 

1 

TOT MAJTR Clset'.MST CCST.S/KWE 

0-.5S1 

icc-zr? 

122.424 

i3c.cir 

93.80C 

95.549 

1C6 .687 

114.477 


BALANC-: )- ?LAST COST .S/KJi 

3.'. TIA 

34.133 

3C.133 

39. 37"’ 

37.335 

31.222 

32.375 

33-335 

U 

EITL LAuCT) t»/KWE 

31.Gr.4 

*:.7r2 

34.C6S 

3E .421 

2=.si5 

2C.E44 

3C.608 

31.566 

L 

TOTAL JIRECT COST 

1 ET.033 

1 770 

192.527 

311.231 

154.757 

155.414 

163.750 

180.371 

T 

INOIPECT COSTS .T/KWE 

ir .lAA 

1C,47(? 

17.37F 

18.575 

1E.25G 

15.119 

15. ESI 

16.299 


®RO" « 0JNI9 COSTS 

1'. K7 

13.32? 

1 3.410 

15.302 

12.325 

12.513 

13.540 

14.430 

y 

CONTINBEMCV CCST »</Awf 

11 -Ilf 

11.5P3 

12.765 

13.827 

10.641 

1C.7C7 

11.5C9 

17-168 

■> 

-rSCALATTON C'^ST .S/K«£ 

INT OURlNC COUbTPUCT iCN .t/KwE 

3'. 

’1.715 

34.333 

35.713 

30.792 

23.361 

31.788 

33.7S3 

E 

34 -C 7f. 

34.977 

37.833 

4P.267 

33.41C. 

73-155 

35.142 

36.47c 

X 

TOTAL CAPITALISATION .A/KWE 

7S3.33S 

231.340 

U:.403 

337.555 

>55.791 

257. 3?3 

277.422 

797.743 

K 

COST OF ELtC-CftriTAl .m;lls/kwe 

' .Sir 

&.S84 

S-813 

22-73S 

ir.671 

r.CPC 

F.1A3 

A. 776 

S.254 

3 

COST OF IL£C-=‘JEL .NELlS/BWE 

21. 333 

’1.445 

23.005 

>0.152 

27.707 

77.503 

21. >13 

0 

COST OF ELEL-C»fc-AIN.NILLS/KkE 

.597 

.594 

.593 

-594 

.593 

.591 

-59C 

.596 

4 

TOTAL COST 0- LLiC .Nl.LS/K'JE 

3S.S11 

n.334 

32.442 

34.273 

21.341 

>3.144 

23.9513 

31 .359 

N 

COE 0-5 CAP. FACTOR .HILLS/KWE 

32.17C 

13.713 

35.493 

37.582 

31,378 

•31.5C1 

32.7f? 

22.945 


COE 0.3 CA». FACTOR .NILLS/KWI 

?1. 34'' 

?9.1®? 

32.529 

32.134 

77.25? 

27.341 

79.741 

>1-248 


CCF 1.2XCAP. COST .MILLS/KWE 

COE l.?X-'J;L COST .NILLS/KJ; 

3r. 215 

r.7i3 

34.405 

7C.404 

7C.45C 

3C.575 

31.714 

32.969 


34. 771 

3E.227 

3S.353 

33.371 

32.173 

32.314 

34.079 

35.300 


COE C CONTINGENCYZCT .HILLS/KWE 

3r .C4*-. 

»P.454 

31.916 

73.763 

2C.353 

2.‘».4«F 

2'"-.48C 

26 .556 


COE 1 £SCALATI0N:C» .NILLS/KWE 

2 '. 41 7 

’9.317 

31.225 

32.375 

27.757 

27.^71 

>3.830 

29.396 


i 

•*4 

Jt 


>a>ah;tiic point 

41 

4? 

43 

44 

45 

46 

47 

48 


total CAPITAL COST fN$ 

21 r . '•■'t: 

1®2 .42 

193,8? 

175.35 

225 ,57 

726. =4 

767 . JC 

195.69 

> 

SAS TUTJINi C0H»R5SS0> SIJT.NS 

1 . 4 j 1 

4. 327 

1.333 

9.307 

4.453 

4.a>7 

3.333 


L 

GAS TURBINE COMB BASKETS 

1 .21? 

1.366 

1.424 

1.4 20 

1.2PC 

1 .439 

1.457 

1.561 

A 

SAS TUISENi T'JRltNr SCCTIONtiS 

1 C. 34 1 

3.302 

IS. 322 

11.033 

10.758 

ii.'nv 

11.109 


N 

MISC CAS TUKilNE AUXILIARY tH» 

i: .027 

ll.HPl 

lC,8r.4 

16.451 

11.868 

iKC£2 

12.644 

11 .731 

t 

SAS TURBINE 3-:n-:RAI 0R f4» 

n, 73C 

1 3.115 

3.332 

3.59> 

12.354 

11.153 

11.104 

10.804 


steam TUREINE 6ENERATCM *HS 

11 .S64 

0.855 

C.978 

8.19S 

13.692 

11 .315 

5.966 

•-529 


N;AT recovery steam OEN fHt 

24.7-,7 

.'3.233 

13.335 

17.444 

32.340 

23.213 

23.740 

20.230 

P 

TCT MAJOR COMPONENT COST #Ht 

72.758 

76.746 

65.482 

67.153 

85.971 

81 .6 7? 

77.223 

73.677 

fl 

TOT HAJCT component COSTf*/KJE 

87.71 3 

»1 .229 

37.434 

132.539 

83.723 


91.340 

94.566 

s 

balance 6F KANT COST .S/KWE 

27,813 

29.265 

73,972 

71.113 

27.593 

27.585 

2P ..•'59 

?‘’,Cr'9 

y 

SITE LA301 f»/KJ£ 

27. S4l 

29. 421 

23.53? 

23.373 

23.25C 

27.743 

27.343 

>7.570 

L 

total DIRECT CCST f*/KVE 

14i.4 79 

14E.915 

155, S6y 

163.041 

145.565 

145.416 

147.F.4E 

151.235 

t 

INDiRiCT COSTS .»/<«£ 

1 ♦. 377 

14.435 

14.351 

14.357 

14.417 

14,143 

13.941 

11'’ 


prof 8 OWfiCh COSTS .1/KWt 

11 .4 7.1 

ii.'ns 

11.477 

17.043 

11.645 

11.G32 

11.822 

12.699 

} 

contingency cost #S/<J£ 

13. 07 ! 

12.375 

12.777 

11.171 

19.361 

10.783 

11.379 


R 

escalation CCST t»/KWE 

2'.3?1 

29.553 

36.349 

31.16,: 

26.152 

25.734 

25.651 

2S.933 


INY OUNINS C0NSIRJCTI3N » J/KW£ 

32.233 

37.379 

33.533 

34.533 

33.715 

25.233 

33,. 194 

33.304 

A 

Total capitalization ts/Kut 

24L.2'!! 

:U8.121 

757,522 

26 7.96 7 

24'.84C 

244,412 

246.50? 

If 1.174 

K 

COST OF ELEC-CA*ITAL#4I.LS/KW£ 

7. SIS 

7.944 

1.153 

3.451 

7.772 

7.775 

7.704 

7,94 0 

0 

cost of tLEC-FUEL tMILLS/KWE 

1S.2S9 

30.221 

12.566 

20.024 

18.678 

18.462 

15.744 

19.156 

o 

COST OS' *LEC-0P8MAIN»H['.lS/KWE 

. 530 

.533 

.533 

.533 

.593 

.5 IS 

.585 

.586 

w 

total cost Or ELFC »**ILLS/KWE 

27,444 

/ 7.657 

’3.364 

2**.0>»1 

26.589 

26.775 

27.124 

77.682 

N 

COE 3.5 CA». =ACrOR »4I.LS/Kil£ 

21. 134 

:'..iii 

30.351 

31.733 

23.431 

23.704 

>9.574 

36.175 


COE 0.9 CAP. FACTOR #HILL5/KWE 

25.946 

’L.lfB 

>6.701 

27.41R 

75.457 

25.252 

25.588 

26.118 


COE 1-7*CA». COST tHI'.LS/KWE 

2S. 0S4 

'I, 222 

>5. 334 

30.775 

>3.543 

23.323 

23.633 

29.270 


cot 1.7KFUEL COST »HILLS/KME 

31.Z'’6 

31.498 

32.217 

33.086 

3P.714 

36 .46* 

3C.873 

31.513 


COE JCONTIN3ENCTr3» .NI'.LS/KW£ 

27,ni7 

’7.215 

>7.851 

23.813 

>3.546 

26.337 

79.684 



col (ESCALATlONrpi »MILLS/KUE 

2C.409 

.76.598 

27.22? 

27.972 

25.306 

25.765 

2G.PE2 

2E.612 


Table 6.8 CCK'ilMLb GA5-STFAH TUP2INE CYCLE !:UMMARY PLANT RESULTS 
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PAKAHLIRIC POINT 

NO 

5r 

51 

52 

53 

54 

55 

56 


TDT'.L C»»IML :OST .N* 

251. 23 

>41.43 

229.91 

219.51 

75.13 

70.75 

69.59 

66.70 

F 

GAS‘ TUPBINt COKFRE^SCP SECT.P* 

4 .450 

4.877 

8.338 

8.9P7 

2.23C 

2.414 

4.169 

4.453 


G4S rUTSINi COM3 iAiKIIS t'*% 

1. 343 

1.513 

1.579 

1.572 

.549 

.611 

.639 

.643 

\ 

GAS TU'^EINE TtPaiNE SECTION. MS 

11.172 

12.495 

13.448 

12.124 

4.C72 

4. 421 

4.727 

4.996 

'* 

MISC 3»> T'J^31N- 4J«I'.H=3Y .MS 

1?. 515 

13.217 

13.274 

13.023 

4.233 

4.435 

4.463 

4.425 

1 

GAS TUPPINE CINEPATOR .MS 

11.55r 

12 . 2 rS 

12.2F1 

12. 0>? 

3.874 

3.973 

4.cr3 

3.963 


STEAM rjRBTN-: TTNERATOR .MS 

14.-337 

12. 315 

11.509 

10.274 

5.324 

4.260 

3.657 

3.397 


H‘AT RECOWtrtY STEAM CEN .•'S 

34 .5E0 

>r.64D 

24.240 

23.67P 

5.430 

7.32C 

C .640 

6.18 c 

? 

f3T MAJOR component COST .MS 

37. 53? 

37.313 

94.741 

91.5S7 

73.712 

>7.503 

23.363 

27.757 

L 

TOT Major ccmponlnt cost.s/kwe 

84.7E7 

;-5.412 

87.679 

9P .C7C 

28. ECO 

1C4.443 

121 .851 

134.417 

> 

TALANC-: 3* plant COST .S/KWE 

25. 637 

23. 3n 

27.343 

27.591 

35.773 

39.073 

39.823 

42.750 

U 

SITt. LABOR .S/KWE 

2C.3C5 

rfc.4F3 

7S.73E 

26.412 

23.687 

34.39C 

36 .781 

38.664 

i_ 

TOTAL JIRSCT COST .S/KWS 

133.271 

139. S9S 

1 40.759 

144.065 

163.910 

175.317 

196.954 

216.031 

T 

indirect COSTS .S/KME 

13.721 

13.4SE 

17.125 

13.471 

17.180 

17,542 

18.5C3 

19.821 


»RC- 8 OWNER COSTS .S/KMI 

ll.r32 

1.1.035 

11.251 

11.525 

13.521 

14.153 

15.756 

17.292 

H 

CONTINGENCY COST .1/KWE 

3.952 

3.941 

1C.02C 

IE .194 

9.899 

U .273 

11 .326 

12.291 

T 

ESCALATION COST .S/KWi 

23.2C7 

23.333 

79.055 

29.374 

23.464 

24.945 

26.078 

27.871 

L 

INI DURING CONSTRUCTION .S/KRE 

32.013 

22.575 

32.505 

32.7SS 

25.147 

25.726 

27.849 

29.7C2 

T 

TOTAL CAPITALIZATION .S/KME 

>35.037 

234.877 

235.733 

241.423 

>53.222 

268.657 

293.467 

322.998 

K 

COST OF ELEC-CAPITAL .MILLS/KWE 

7.432 

7.475 

7.484 

7.632 

C.1F3 

£.453 

«.372 

1C. 211 


COST OF ELEC-=‘JEL .MILLS/KWE 

1 1. 335 

17.915 

13.035 

19.425 

21.373 

21.319 

21.794 

27.664 

0 

COST OF ELEC-OP8M AIN .MILLS/KWE 

.583 

.5B5 

.584 

.583 

.598 

.524 

.592 

592 

4 

TOTAL COST 0- ELEC .MILLS/KWE 

25. 325 

25.325 

25.153 

25.540 

39.140 

33.397 

31.758 

3.t.467 

N 

COE C.5 CAP. FACTOR .MILLS/KWE 

23.6E6 

78.2G3 

28.519 

29.C41 

32.7CC 

32 .C56 

34.681 

36.641 


COE 0.3 CAP. FACTOR .MILLS/KWE 

24. 957 

24.453 

24.535 

75.135 

23.535 

78.730 

29.926 

31.478 


COE 1.2XCAP. COST .MILLS/KWE 

27.311 

27.41C 

27.66C 

26.167 

31.772 

32.C96 

33.632 

35.509 


COE 1.2X-JEL COST .MILLS/KWE 

23. 93S 

23.509 

79.732 

30.325 

34.416 

34.659 

36.117 

39.900 


COE (CONTINGENCYrCI .MILLS/KWE 

25.8?7 

25.498 

25.734 

26.206 

29,754 

2S.S29 

31.326 

32.994 


COE lESCALATIONOI .MILLS/KWE 

25.272 

>4.979 

25.113 

25.597 

23.330 

29.5C3 

33.861 

32.510 


I 

NJ 

O 


>A 

RAHETRIC POINT 


57 

53 

59 

60 

51 

62 

S3 

54 


total CAPITAL COST 

fMS 

84.31 

80.17 

79,18 

74,50 

97.28 

88. C2 

83.64 

1C7.34 

•» 

GAS TUR3INE COM»RE 

530R SECTtMS 

2.239 

2.414 

4.159 

4.453 

2.239 

4.159 

4.453 

2.230 

L 

GAS TURBINE COMB BASKETS tMS 

.5 74 

.647 

.676 

.679 

.607 

.712 

.715 


A 

CAS TUR9TNE TJR3IN 

E SECTIONtMS 

'*• 

4.725 

5.057 

5.277 


5.311 



N 

HISC GAS TURBINE AUXILIARY ,MS 

4.8 85 

4.965 

4.837 

4.628 

5.343 

£.432 

5.245 

5.944 

T 

GAS TUR3INE 3ENERAT0R tMS 

4.435 

4.515 

4.337 

4.173 

4.993 

4.981 

4.796 



STEAM TUREInE GENERATOR tMS 

6.415 

5.331 

4.479 

2.904 

7.725 

£.471 

4.845 

8.017 


NEAT RECOVERY STEAM SEN tMS 

9.229 

9,320 

7.. 4 30 

5.910 

11.244 

9.453 

7.890 

13.260 

R 

TOT MAJOR COMPONENT 

COST tMS 

32.026 

20,917 

31.C95 

30.023 

37.216 

24.E26 

33.292 

40.946 

r 

TOT MAJOR COMPONENT 

COSTtS/KME 

31.275 

35.235 

195.239 

112.245 



101.369 


S 

Balance cf plant cost ts/Kwc 

33.828 

34.550 

36.037 

37.774 

32.485 

33.573 

34.346 

30.97r 

U 

SITE LA30R 

tS/KWE 

31.011 

31.4S3 

32.597 

34.055 

30.359 

39.433 

31.057 

29.533 

L 

TOTAL DIRECT COST 

tS/KWE 

156.114 

161. 308 

174. C24 

164.075 

154.09? 

168 ,754 

166.771 

149.029 

T 

INOIPECT COSTS 

tS/KWE 

15. 31S 

15.946 

15. 570 

17.353 

15.479 

15.521 

15.833 

15-062 


PROF 8 OWNER COSTS 

tS/KWE 

12.489 

12.9C5 

13.922 

14,722 

12,327 

12.86C 

13.342 

11.922 

3 

CONTINGENCY COST 

t S/KWE 

3.231 

9.535 

10.294 

10.799 

3.292 

9.581 

9.868 

9.087 

R 

ESCALATION COST 

tS/KWE 

22.44C 

22.812 

24,102 

24.995 

22.782 

23.C93 

23.550 

22.579 

r 

INT 0URIN3 C0NS»R'JCTI9N tS/KWE 

24.132 

24.432 

25.336 

26.739 

24.E59 

24.835 

25.290 

24.395 

A 

total CAPITALIZATION 

tS/KWE 

240.288 

247.096 

264.757 

278.536 

238.532 

24C.E42 

254.659 

232.075 

K 

COST OF LLEC- CAPITAL 

tMELLS/KWE 

7. 596 

7.811 

9.379 

9.805 

7.541 

7.797 

8.050 

7.336 

0 

COST OF tLEC-FUEL 

tMILLS/KWE 

20.3 75 

20.171 

20.502 

21.040 

19.741 

19.552 

19.959 

19.299 

0 

COST OF ILEC-OPSMAIN 

tMILLS/KME 

• 536 

.532 

.531 

.590 

.595 

.589 

.588 

.594 

w 

>OTAL CO^T OF ELEC 

tMILLS/KWE 

2C.5C7 

78.574 

29.462 

30.435 

27.876 

27.938 

28.597 

27.23c 

N 

COE 9.5 CAP. FACTOR 

tMILLS/KWE 

39. 357 

31.029 

32.935 

33.133 

39.259 

30.398 

31.124 

29.542 


COE C.8 CAP. FACTOR 

vHILLS/KWE 

27.0C8 

27.035 

27.818 

26.703 

2f .388 

2E.4C1 

27.013 

25.779 


cot 1.2XCAP. COST 

tMILLS/KWE 

33.036 

39.137 

31.135 

32.195 

23.335 

P9.497 

30.207 

28,697 


COE 1.2XFUEL COST 

tMILLS/KWE 

32.642 

32.608 

33.563 

34.643 

31.875 

32.848 

32.589 

31.089 


COP ! CONTINCENCYrl 1 

tNlLLS/KWE 

29.233 

28.292 

23.935 

30.019 

27,519 

27.562 

29.211 

26.870 


COE fESCALATIONrO) 

tMILLS/KWE 

27.7SC 

27.786 

28.630 

29,573 

27.08C 

27.138 

27.783 

26.444 


Table 6,8 CO^*r.IW£D GA^-STFAM TUF8INE CYCLE '‘L'HMARY PLANT RE.EULT5 
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. 6.6 


Analysis of Overall Cost of Electricity 


The results of capital cost determinations, thermodynamic effi- 
ciency calculations, as well as the results of the analysis of coal- 
derived fuel prices and balance of plant costs, have been factored into 
the GOE calculations for the parametric variations described in the 
earlier sections. Table 6.9 presents a summary of these COE for each 
parametric point investigated. 

In preparing the COE results, a more detailed examination was 
made of the effects of selected parameters on the results. Parameters 
for which these variations were investigated Include: labor rate, con- 

tingency, escalation rate, interest during construction, fixed charge 
rate, fuel cost, and capacity factor. The results of these studies for 
Base Cases A and B are given in Tables 6.10 and 6.11, 

The COE has been calculated as a function of several cycle 
parameters, including gas turbine compressor pressure ratio, turbine 
inlet temperature , and the nominal steam cycle throttle conditions. The 
use of steam induction and supplementary heat recovery steam generator 
firing has been investigated. In addition, variations in the methods of 
steam cycle heat rejection and comparisons of the use of gasified coal 
and clean distillate from coal as a fuel have been analyzed. 

COE calculations were made for turbine inlet temperature varia- 
tions from 1255 to lyOO^K (1800 to 2600°F) and for compressor pressure 
ratio values ranging from 8 to 20. These variations in gas turbine para- 
meters were investigated in conjunction with each of two steam bottoming 
cycles: first, a reheat 16.547 MPa/811°K/811°K (2400 psig/1000°F/1000“F) 

arrangement and, second, a nonreheat cycle with nominal throttle condi- 
tions of 8.618 MPa/783°K (1250 psii?;/950°F) . Results of these calculations 
for the cases with air-cooled gas turbine vanes and blades, are shown in 
Figure 6.32. As indicated, the COE steadily decreases as gas turbine 
inlet temperature Increases, with a small COE advantage at lower tcinpera- 
ture obtained with the nonreheat steam cycle. 
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8.894 

3,813 10-671 

3.086 

3,153 

3,770 

5,254 

21.333 

21.445 

22.035 23.005 

23.162 

20.200 

20.539 

21.213 

.537 

.594 

.593 .594 

.593 

.591 

.590 

.590 

30.511 

30.334 

32.442 34.270 

23.841 

23.944 

23.360 

31.053 

3. 774 

3.7C4 

3.627 3.544 

3. SO 7 

.T.34F 

3.780 

3.713 


'll' I trfirft I 








Table 6.9 CCKbINLD GAF-STEAM TUS9INE CYCLE SUMMARY PLANT RESULTS 

Continued 


PARAHLTRIC POINT 

til 

42 

4 3 

44 

45 

46 

47 

4C 

THSRMIDYNAIIC SF- 

.300 

.003 

.030 

.30 0 

.300 

.000 

.000 

-000 

PCi^ER PLANT EFf 

.4F1 

.482 

.453 

.443 

.4 76 

.481 

.4 73 

.4 63 

TVSRA;.L £K£R3Y £~" 

.23 2 

.233 

. 220 

.224 

.240 

.24 2 

.239 

.234 

CAP COST MILLION J 

PCI .SL2 

1C2.420 

133.817 

1 75.350 

235.566 

22C.942 

2C7.D97 

195.692 

CAPITAL C03Tf$/KrfI 

?!»0. 2 31 

■’43.131 

257. 322 

257.307 

245.345 

244.412 

245.552 

251.174 

COE CAPITAL 

7. SAC 

7.S44 

G.15D 

2.4 F3 

7.772 

7.726 

7.794 

7.946 

COE FUEL 

IS. 253 

13.221 

l -l. sss 

20.024 

13,523 

13.452 

13.744 

19.155 

CnE OP S MAIN 

.EETi 

.5 ns 

, 5 n n 

.5 88 

.589 

.5PE 

.595 

.586 

COST OF ELECTRIC 

27.»'4 4 

27.553 

25. 304 

4,031 

2S.039 

25.775 

27.124 

27.692 

EST TIME OF CONST 

9.E21 

3.SS8 

3.910 

3.852 

4.118 

4.075 

4,023 

3.971 

PApAHETRIC POINT 


fC 

51 

52 

53 

54 

55 

56 

THERMUOYNAMIC EF- 

.30 0 

.000 

.000 

,000 

.300 

.0 00 

.090 

.030 

POWER PLANT EFF 

.435 

.455 

.4 90 

,482 

.415 

,416 

.4P7 

.392 

OVERALL ENER3Y E~- 

.24 5 

.250 

.247 

.243 

.293 

.210 

.205 

.197 

CAP COST MILLION S 

ESI. 238 

241.477 

228.807 

21G.611 

75,194 

76.746 

GO. 592 

E6.629 

CA=»IrAL COiTt S/KWE 

335. 337 

234. 377 

23". 733 

24L.423 

253.^22 

253.557 

233.457 

322.993 

COL CAPITAL 

7.432 

7.425 

7.4 84 

7.G32 

8. 163 

£-493 

0.372 

1C ,211 

COE FUEL 

13.305 

17.315 

13.035 

1.3,42 5 

21.373 

21.310 

21,794 

22.664 

COE OP S MAIN 

.58R 

.585 

.584 

.583 

.598 

.5 94 

.59'^ 

.592 

COST 0- ELECTRIC 

23. 3 25 

25.925 

25.153 

’ 5.S40 

30.140 

30.397 

31-753 

33.457 

EST TIME OF CONST 

4.1S7 

4,16 3 

4.123 

4.07E 

2.8 57 

2.807 

2,751 

2-6 90 


parametric POINT 

57 

58 

5 9 

60 

61 

62 

63 

C4 

rHERMOOTNAMrC E-" 

.00 0 

.00 0 

'.^03 0 

.000 

.000 

.000 

.000 

.000 

pnWER PLANT EFF 

.435 

,44 C 

.433 

.422 

.449 

.454 

.445 

.4 60 

overall ENER3Y E-" 

. 220 

. 222 

.213 

.213 

.22 7 

.229 

.224 

.232 

CAP COST million $ 

S4.312 

ar.iEG 

70 ,183 

74.503 

97.276 

SO. 018 

83.636 

1C 7 -342 

Cn^ITAL COST* S7KME 

243. 233 

247.033 

254. 757 

278.535 

233.532 

245.642 

254,559 

232.075 

COE CAPITAL 

7.596 

7. £11 

8.3 70 

3.805 

7.541 

7,737 

S.C5D 

7.33E 

COE F9EL 

20.375 

23.171 

21.532 

21,040 

13.741 

19.552 

13,359 

19.239 

COE OP g MAIN 

.53C 

.532 

.531 

.590 

.595 

.5 88 

.58 8 

.594 

COST 0'^ ELECTRIC 

23. 557 

23.574 

29.452 

30.435 

27 .S75 

27.933 

23.597 

27.230 

EST TIME OF CONST 

2.952 

2.911 

2.863 

2.814 

3. 030 

2,960 

2.917 

2. 098 


PARAMETRIC POINT 

65 

GG 

6 7 

G8 

£9 

70 

71 

72 

T4ERM09YNAMIC EF-=- 

.030 

.00 0 

,019 

.000 

.000 

.000 

-000 

.000 

POWER PLANT CPF 

.472 

.471 

.463 

.462 

.482 

.4 82 

.478 

.4 74 

overall ENE.R3Y E- " 

.233 

. 23 7 

.234 

.233 

.243 

.243 

.241 

.233 

CAP COST million i 

1D1.952 

SE.72G 

93.477 113.168 

111.243 

1C8.638 

102,095 

2 35.15S 

CAPITAL COST*t/KME 

229. 353 

231.731 

239.922 222.173 

222.537 

223.513 

227.291 

255,700 

COE capital 

7.2G6 

7.326 

7.5 84 

7.024 

7.D35 

7,227 

7.185 

S.CS3 

COE FUEL 

13. 313 

13.355 

19.155 

1 3.200 

13.423 

18.491 

13-557 

13.733 

COE OP 8 MAIN 

-590 

.53 8 

.587 

.604 

.589 

.587 

.586 

.58S 

COST OF ELECTRIC 

2 5. 5 5 3 

23.753 

27. 32C 

25.328 

25.047 

25.215 

25.337 

27.410 

EST TIME OF CONST 

3-075 

3.C42 

3.065 

3 .151 

3.140 

3.112 

3.081 

4 .0 88 


parametric point 

73 

74 

75 

76 

77 

78 

79 

eo 

THERMODYNAMIC E-- 

. 031 

.003 

.00 0 

.0-00 

.030 

.000 

.000 


POWER PLANT EFF 

.477 

.472 

.465 

.481 

,487 

.4 85 

.480 


OVERALL ENER3Y 

.241 

.233 

.235 

.24 3 

,245 

.245 

.242 


CAP COST MILLION $ 

216.121 

209.393 

2DC .295 

2E2.718 

243. C19 

233,140 

222.330 

(U 

ij 

CAPITAL C05T»5/KWE 

251. 532 

253. 551 

272.054 

257. 353 

254,502 

271.452 

273.273 

ta 

COE CAPITAL 

7.956 

8.332 

8. GDI 

G.151 

3.361 

£.58? 

£.829 

H 

3 

COE FUEL 

13.535 

13.703 

19. 053 

I. S.430 

13.204 

13.207 

13,477 

O 

Coe op S MAIN 

-586 

.586 

,586 

.588 

.585 

.584 

.584 

iH 

CJ 

COST OF ELECrRTC 

27.123 

27.710 

23.243 

■’7.159 

27.151 

27.453 

27 .390 

a 

EST TIME OF CONST 

4-639 

3.934 

3.931 

4 .134 

4.C87 

4.03G 

3.985 

u 


Table 6.9 COMc^lNEO PAS-STEflM TURBINE CYCLE EUKHARV FL/SNT RESULTS 

Continued 


PARAMETRIC POINT 
THERMOITNiV'lIC EF- 
PdWER PLANT EFF 
OVERALL ENER 3 Y E*- 
CAP COST MILLION $ 
2 A=*ITAL COSTfS/KWE 

ccE capital 

COE FUEL 
COE OP s Main 
cost Of ZLrCTRIC 
EST TIME G-F CONST 


ai 82 S3 

Not calculated 


8R 


.030 

.RN2 

.297 

IZe.CPS 

2 T 4 .B 13 


7.733 

10.077 

.588 


23.397 

3.991 


85 

,411 

.411 


85 


.454 

.454 


87 88 

.378 

.378 


PAPAMETRIC point 39 

SO 

31 

92 

S3 

94 

35 

26 

tHERMOOYNAMIC EF- .333 

.333 

.030 

.030 

.030 

.030 

.000 

.003 

POWER PLANT EFF .466 

.467 

.444 

.000 

.OCD 

.ODD 

.COD 

.ccc 

OVERALL ENZR3Y E- - .235 

.235 

.234 

.000 

.330 

.000 

.000 

.000 

CAP COST MILLION » 2DS-S77 

205. S4C 

164.872 

.000 

.COD 

.000 

.occ 

»CCG 

CAPITAL COST»S/KWE 252.735 

252,533 

247. 332 

.030 

.330 

.000 

.300 

.000 

COE CAPITAL S.3DG 

S.223 

7,837 

.GDC 

.000 

.000 

.ODD 

.ECO 

COE FUEL 13.325 

19.003 

20. 002 

,030 

.030 

.000 

.000 

.000 

COE OP S MAIN .536 

,530 

.581 

.000 

.000 

.000 

.000 

.ccc 

COST OF ELZCTREC 27.315 

27.393 

23.420 

.□•30 

.000 

.000 

.000 

.000 

EST TIME OF CONST 3.975 

3.276 

.3.940 

.000 

.000 

,000 

.000 

•GOO 


o\ 

I 

00 


REPEODUCffiTF .m' OP THE 

A -r VQ -DnAP 


Table 6.10 


CCKBINTD GAS-STEAM TURBINE CYCLE COST OF ELECTRIClTYtMILLS/KW 
P!»RAM^TRIC POINT NO. 1 


ACCOUNT SATtf LA30P PATEt $/HR 

PERCENT 6. DC P.50 ID. GO IE. DC 

TOTAt DIRECT COSTStS .0 1332743SA. C135073P2. 225B<tS71«l. 2503719S2. 

Indirect cost.s fi.c iterscis, g^pszsdz. .3C9?2G56. 43857532 . 

PROF P OWNER COSTSfS D.0 ,15041339. 170835S1. 13051737. 20059757. 

CONTINGENCY COSTiS 7.D 13S4324G. 14952517. 157S527G. 175E1D37. 

SUB TOTAL»S .0 24S7031Q4. 270501130. 230435372. 332330284. 

ESCALATION COST t$ E.5 396C9173. '!342S9SD. 4G637618. 5336D473. 

INTREST DURING CONSTtS ID.O 44114447. 433S3732. 5194233C. 59429371. 

TOTAL CAPITALIZATION fJ .C 351434720. 3EZZS3S12. 383GE5315. 44515D62S. 

COST OF elec-capital 13.3 13.33173 14.51733 15.E9734 17.95013 

COST OF ELEC-FUEL .0 £.25121 E.fiSlSl E. 35131 G.351S1 

COST OF ELEC-OP S .’TAIN .0 1,73152 1.70152 1.70152 1.70152 

TOTAL COST OF ELEC .0 21.CS515 23.17GGC 24.25077 26,51355 


ACCOUNT 

RATE* 


COLTINGENCY* PERCENT 



PERCENT 

-5.00 

.no 7.00 

5. 00 

TOTAL DIRECT CCSTS*? 

,6 

225646714. 

225646714. 225646714. 

2 ZEE 46 714 , 

INDIRECT COST »i 

51.0 

3 j 3925 56 . 

!DS32555. 33352656. 

303S265E. 

PPOF S OWNER COSTS*? 

e.c 

IP 051 73 7, 

1BC51757. 13051737. 

ISO 51 737 . 

CONTINGENCY COST*? 

20.0 

-112B2336. 

3. 15735270. 

11232335. 

SUB TOTAL*? 

..c 

26?4Ea772. 

27463111:4. 29C4£6372. 

2859 73 43 6, 

ESCALATION COST*? 

5.5' 

42230305. 

441Q1S36. 46537618. 

45313066. 

INTREST DURING CONST*? 

10. C 

471GL541. 

49117353. 51S4233D. 

51135365, 

TOTAL CAPITALIZATION.? 

.D 

35279351S. 

367310749. 3S3D3531S. 

333021354, 

COST OF ELEC-CAP-ITAL 

le.c 

14.23412 

14.84280 15.E9734 

15.45347 

COST OF ELEC-FUEL 

.0 

6.35191 

6.S5191 6.35191 

5.35131 

COST OF ELEC-OP 8 MAIN 

.0 

1.7C152 

1.7G1E2 1.7D152 

1.76152 

TOTAL COST OF ELEC 

.0 

22.73755 

23.33722 24.25077 

DC 630 


ACCOUNT 

TOTAL DIRECT COSTStS 
INDIRECT COST »S 
PROF S OWNER COSTS»S 
contingency COST iS 
SUB TOTALf*. 

ESCALATION COSTt* 
INTREST 0URIN3 CONSTt* 
TOTAL CAPITALIZATION*? 
COST 0.- ELEC-CAPITAL 
COST OF ELEC-FUEL 
COST OF ELSC-0? S MAIN 
TOTAL COST OF ELEC 


RATE* £ 

PERCENT 5.GE 
.3 225546714. 

51. C 3CS92E5E. 
B.a 13351737. 
7.0 15795270. 

.D 295486372. 
.0 35449325. 

11.0 53485225. 

.0 376420920, 

13.0 15.13715 

.0 G.C51S1 

.0 1.79152 

.0 23.74D5S 


SCALATICN 

G.5D 

2 -■'554 5 71 4. 
3C9S2G56. 
13051737. 
1579527C. 
2=»94 3537 2. 
46G37E1B. 
51342333. 
3fS06631E. 
15.59734 
6.8E1S1 

1.70152 
24.25077 


RATE* PERCENT 


3. GO 

22 5 54 571 4. 
3G9S2656. 
13951737. 
15795270. 
293435372. 
530 37213. 
53425849. 
4C199S432. 
15.21915 
£.£5191 

1,70152 
24.77257 


20.00 
225645714. 
3DS32G5C. 
13051737. 
15795270, 
290435372. 
73765717. 
55445363. 
41S697448. 
15.93313 
5.85131 

1.70152 
25.4 8652 


ACCOUNT 

TOTAL DIRECT COSTS*? 
INDIRECT COST*? 

PROF S OWNER COSTS.? 
CONTINGENCY COST.? 

SUB TOTAL *? 
escalation COST*? 
INTREST DURING CONST*? 
TOTAL CAPITALIZATION.? 
COST OF ELEC-CAPITAL 
COST OF ELEC--UEL 
COST OF ELEC-OP S MAIN 
TOTAL COST OF ELEC 


RATE* INT DURING CONST. PERCENT 

“ERCENT 5. 09 3.00 10.00 12.50 

.0 225646714. 225645714. 225646714. 225646714. 

51.0 30992555. 30992555, 30392656, 30932555. 

8.0 18C51737. 18051737. 18051737. 1S051737. 

7.0 15795270. 15795270. 15795270. 15795270- 

.0 290486372. 2SD48637Z. 290486372. 290486372. 

5,5 45537513. 46637613. 4SS37S18. 46637618. 

15.0 30636288. 412GC0C4. 51242330. S5623837. 

.0 3577B0272. 378323992. 3S305531S. 4D2747524. 

1B.P 14.S3773 15.263S3 15.69734 16.24934 

.0 S. 35191 8.35191 5.35191 6.35131 

.0 1.7G15Z 1.7G152 1.7C152 1.70152 

.0 23,39115 23^51735 24.25077 24.50277 


.KR 


21 .56 

23313S532. 
628624E4 . 
23050922. 
2C16SSS7. 
394219472. 
E32S1S78 • 
7D491E11. 
E29GCZ45G . 
21.36289 
6.S5191 
1.7C152 
29.85631 


ZO'.OD 

225646714 . 
30332656. 
18051737. 
45129342- 
31S32C444. 
51347206. 
571S76C2. 
423355243. 
17.2C25D 
5.35191 

1.70152 
25.33593 


• CS 

22564S714. 

3CSS265G. 

18051737. 

157S527D. 

290436372. 

0 . 

45816237, 

3263C26C8. 

13.55853 

6.85191 

1^70152 

22.12195 


15.00 
225646714. 
30992556. 
18C51737. 
15795270- 
ZSD406372. 
46637618, 
73SSD1SC- 
416714176. 
16 .81283 
6-35191 
lb7E152 
25.35526 


Table 6.10 COMSil^ED GAS 
Continued 


ACCOU'^T 

TOTAL DIRT2T COSTS* » 
IMOIRE CT COST *$ 

PROF S OWNER COSTS* S 
contingency C0STt$ 

SUB TOTAL. t 
escalation CCSTr* 
INT.RLST during CONST *S 
TOTAL capitalization *$ 
COST OF ELSC-CA=ITAL 
COST OF ELEC-FUEL 
COST OF ELEC-OP S .MAIN 
TOTAL COST OF ELEC 


ACCOUNT 

TOTAL DIRECT COSTS *S 
INDIRECT COSI*» 

PROF S owner COSTS »S 
C0NTIN5E.NCY COST** 

SUB TOTAL »S 

escalation cost*s 

INTREST DURING C0N5T*$ 
TOTAL CAPITALIZATION* $ 
COST OF ELEC-CAFITAL 
COST OF ELEC-FUEL 
COST OF ELEC-CP & MAIN 
TOTAL COST OF ELEC 


ACCOU.NT 

TOTAL DIRECT COSTS.* 
INDIRECT cost.* 

PROF e OWNER COSTS** 
CONTINGENCY COST* » 

SUB TOTAL** 
escalation COST** 
INTREST DURING CONST** 
TOTAL CAPITALIZATION** 
COST OF ELEC-CAPITAL 
COST OF ELEC-FUEL 
COST OF ELEC-D? S MAIN 
TOTAL COST OF ELEC 


STEAM TURBINE CYCLE COST OF ELECTRICITY.KILLS/KW 
PARAMETRIC POINT NO. 1 


rate* fi^ed charge rate* PCT 

PERCENT TC.DC 14.40 18.00 Zl.FC 25. DC 

.0 275S4G714. 215545714, 22554S714. 225646714. 225646714. 

Fl.D 30597656. 2DSS2GSE. 30992656. 3C992656. 30932656. 

3.0 19351737. 13051737. 13Q51737. 1S051737, 18051737. 

7.D 15795270. 1573527Q, 15795270, 157S5270. 15795270. 

• ,0 290435372. 2304aS372. 29343S372. 29043S372. 290435372. 


6.5 

46637E1S. 46637618. 

46637618. 

46637618. 

46637618. 

13.0 

5194233D. '•194233D. 

51942330. 

51942330. 

51942330. 

.0 

Z89CEE316. 3t£CG6316. 

3S3DEE316. 

3SS06E316, 

383166316. 

?5.0 

3.72073 12.55733 

15.53734 

13.S36S1 

21.20187 

.C 

6.85131 6.851S1 

6.85191 

6.8 5191 

6 .85131 

' .0 

1.70152 1.70152 

l.'^G152 

1.70152 

1.70152 

.0 

17.27417 21.11130 

24.25D77 

27.3SG24 

3C ,35529 

PATE. 

ERCEMT 

FU^L CCST * 
.52 .35 

*/i0*#6 5TU 
1.30 

2.50 

1.02 

.D 

225F46714. 225E4E714. 

2Z5G4S714 . 

225646714 . 

225646714 . 


51,0 30B92G55. ia992S55. 3D9R2636, 30932S5S. 30992S5E. 


e.c 

18C51737. 

18051737. 

18051737. 

18051737. 

18CE1737. 

7.D 

15795270. 

1579527D. 

15795270. 

15735270. 

15735270. 

.0 

290486372. 

290486372. 

23D48&3 72. 

290486372. 

290436372. 

5,5 

45S37S13. 

45637613. 

46637618. 

4S637618. 

46537618. 

ID.C 

51942330. 

11942330. 

51942330. 

51942330. 

51942330. 

.0 

j39Q5o315. 

333066315. 

33305o31G, 

339DS631E. 

339056316. 

le.D 

35.69734 

15.6S734 

15. £9734 

15,69734 

IE. 6 '^734 

.0 

4.03053 

5.85131 

12.09160 

20.15257 

3.22223 

,.C 

1.7C152 

1.7D1E2 

1.70152 

1.70152 

1.70152 

.0 

21. 42940 

24. 25 37 7 

23.43046 

37.55153 

25.52115 


RATE. CX^ACITY FACTOR* PERCENT 

PERCENT 12. DC 45.00 5G.C0 C5.00 8C.CD 

*9 22554S714. 2’’SS45714. 225545714. 225S46714. 225545714. 

El.D 3C992E5S. 3G292G5S. 30SS2G56, 3DSS2G56. 30992656. 

3.0 13351737. 18051737. 13QS1737. 13051737. 18051737. 

7.0 15795270. 157S527D. 15795270. 15795270. 157S527C. 

.□ 293436372. 2S0485372. 290435372. 290436372. 23D43S372. 

6.5 46637616. 46637616. 46627618. 46637618. 46637618. 

10.0 51942330. 51342330. 51942330. 5134233D. 51942330. 

.C 383L6E31G. 58SC66316. 383GS631G. 383066316. 36SCSE21G. 

13.0 35.02723 22,57334 20.40655 15.69734 12.754DS 

.0 6.G5191 6.35121 £.35191 6.85131 6.35131 

.0 2.95659 1.9S357 1,31234 1.70152 1.S2S91 

.0 54.63577 31.38352 29.07123 24.25077 21.23291 


Table 6.11 30M3rNil 345 


ACCOUNT 

TOTAL DIRECT COSTS** 
indirect COST* * 

PROF SCKNER COSTS** 
C0NTEN3ENCY COST** 

SUB TOTAL »S 
escalation cost*? 

INTREST DURING CONST. * 
TOTAL CAPITALIZATION*? 
COST C-F ELEC-CAPITAL 
COST OF ELEC--USL 
COST OF ELEC -CP t’ KAIN 
TOTA.. COST Or ELEC 


ACCOUNT 

TOTAL DIRECT COSTS*? 
INDIRECT COST*? 

PROF 8 OWNER COSTS.* 
CONTINGENCY COST** 

S'J3 TOTAL*? 

ESCALATION COST »S 
INTREST DIRIN3 CONST,? 
TOTAL CAPITALIZATION** 
COST OF ELEC-CAPITAL 
COST qF ELEC-FUEL 
COST OF ELEC- OP S MAIN 
,<j^ TOTAL COST OF ELEC 

CO 

U1 

ACCOUNT 

TOTAL DIRECT COSTS*? 
INDIRECT COST*? 

PROF 8 OWNER COSTS »S 
CONTINGENCY COSTt? 

SUB TOTAL .? 
escalation COST,? 
INTREST DURING CONST.? 
TOTAL CAPlTALIZATroN.? 
COST OF ELEC-CAPITAL 
COST OF ELEC-FUEL 
COST OF ELEC-OP 8 FAIN 
TOTAL COST OF ELEC 


ACCOUNT 

TOTAL DIRECT COSTS*? 
INDIRECT COST*? 

PROF g OWNER COSTS,? 
CONTINGENCY COST*? 

SU3 TOTAL,? 
escalation COST,? 
INTREST during CONST*? 

total capitalization*? 

COST OF elec-capital 
COST OF EL EC- FUEL 
COST OF ELEC-OP 8 nAIN 
TOTAL COST OF ELEC 








STEAM TURBINE CYCLE COST OF ELECTRICITY, MILLS/XW. HR 
PARAMETRIC POINT NO. 2 


rate* labor RATE* t/HR 


i^ERCENT 5.DD 3.30 

.0 532P1E33. S5S719FS. 

SI.D 3230751. 4547730. 

8.C 42G5331. 44777SS, 

5.0 3137493. 3353319. 

.0 E4D33211. FS4557S2. 

5.5 75487B3. 8070133. 

IG.Q S12E17E. SBSD633. 

,n 73711149. 'i5?15557. 

18.0 £ .53SE5 B.SSEZE 

.0 19.34223 13.34223 

.0 .55078 .59070 

.0 25.47155 25.92325 


19. oD 15.00 21.59 

58223480. 62940300. E99CSP14. 

5735333. B201377. 11755023. 

4657578. 5035272. 55S27C5. 

3433409. 3776454, 4134589. 

7217C759. 73254502. S1453Z1C. 

3503D84. 3425595. 10731258. 

2162257. 1D150423. 1161C21Z. 

33841100. 39530620. 113B445BD. 

7.3696C 8.16442 9.53866 

13.34223 13.34223 19.34223 

.59C78 .53072 .5SG7S 

27.3a2G0 28.03743 23.271GC 


RATE, CORTINGENCY, 

PERCENT -5.0 r .CO 

.3 58223433. '.32234SD. 

51.0 57S5SS3. 5795953. 

3.D 4557373. 46S7373. 

2C.D -2911174. G. 

.0 55756177. 53677351. 

6.5 7753C59. 8096252. 

10.0 3343173. 3713753. 

.0 8186E415. I54923E3. 

13.3 5.71551 7.01233 

.C 19.34223 19.34223 

.9 .53073 .53073 

.0 26.64861 26.94588 


PERCENT 

6.0D 5.00 20. DC 

53223430. E3223430. 58223430. 

5795993. 5795S93. 57S5ES3. 

4357378. 4557373. 4657378. 

34S34GS. 2911174. 11644G5E. 

72170753. 71538525. 30322047, 

85Ce084. S439446, S469C25- 

3152257. 3038341. 10197033. 

8S34110G, 5S11G311. S9S88155. 

7.36960 7.31015 8.2D135 

19.34223 19.34223 19.34223 

.59073 .59073 .59073 

27.50260 27;24315 28.13496 


rate* escalation RATE, PERCENT 

PERCENT 5.31 5. 50 3.00 ID. DO 

.0 5S22343C. ;SZ2345C. 582234SG. 56223490, 

51.0 5795333. 5795933. 5735933. 5735393. 

8.0 4657873. 4657878. 4657878. 465787o. 

5.0 3493403. 34934D3. 3433409. 3493403. 

.0 7217D75S. 72170755. 72170759. 72170759. 

.0 5433551. 3503034. 1054526S. 13304375. 

10. D 6968 B76. 8162257. S3575G9. £620993. 

.0 3753323S. S934110D. 22073533. 95096625. 

IB.O 7.18850 7.3G56G 7.55273 7.8DG71 

.□ 13.34223 13.34223 19.34223 19.34223 

-.0 ,55075 .55073 .59078 .ESC73 

.□ 27.12191 27.3025D 27.48573 27.73571 


0 *^ 

£3223480. 

5735933, 

4657578. 

3433409. 

72170759. 

0 . 

6338226- 
3D50898B. 
6 .60405 

19.34223 
.59078 
26.5371D 


RATE* INT 

PERCENT 6.0 0 
.□ 5322348D. 

51.0 5795593. 

3.0 4 5573 78, 

6.0 3433409. 

.0 72170753. 

6.5 0508084. 

15.0 5453465. 

,0 SG13230S, 

13.0 7.05537 

.0 15.34223 

.0 .53 07 8 

,0 26.95837 


DURING CON ST, PER CENT 
3. DO 10.00 

32234S0. 532234C0. 

5795933. 5735953, 

4657373. 4557378. 

3493405, 3493409, 

72170759- 72170759. 

85080E4. 85D80e4. 

7300513. 9162257, 

S797S36C. 9984110D. 

7,21638 7.36560 

19.34223 19.34223 

.59073 .59070 

27. 145 89 27 .30260 


12.50 15.00 

53223460. 5322340D. 

5735993. 5755293. 

4S57373. 4657378. 

3433403. 34S34G9. 

7217G753. 72170759. 

85C8D84. 8508084. 

11510115. 13881055. 

S2188S53. 54559898. 

7.55219 7.75668 

19.34223 IS. 34223 

.59076 .59078 

27.49520 27.G996S 





Table 6,11 COMaiNTl 5AS 
Continued 


ACCOUNT 

TOTAL direct costs. S 
INOXTECT COST.S 
PROF S OWNER COSTS.* 
CDNTIN3ENCY COST.* 

SUB TOTAL.* 

ESCAUTION COST.* 
INTREST DURING CONST.* 

total capitalization.* 

COST OF elec-capital 
COST OF ELSC--USL. 

COST OF ELEC -OP S KAIN 
TOTAL COST Of ELEC 


ACCOUNT 

TOTAL DIRECT COSTS.* 
INDIRECT COST.* 

PROF 8 OWNER COSTS.* 
CONTINGENCY COST.* 

SU3 total.* 

ESCALATION COST.* 
INTREST OUTINS CONST.* 
TOTAL CAPITALIZATION.* 
COST OF ELEC-CAPETAL 
CCST OF ELEC-FUEL 
COST OF ELEC-OP 8 MAIN 

Y TOTAL COST OF ELEC 

CO 

ON 

ACCOUNT 

TOTAL DIRECT COSTS.* 
INDIRECT COST.* 

PROF 8 OWNER COSTS.* 
CONTINGENCY COST.* 

SUB TOTAL.* 

ESCALATION COST.* 
INTREST during CONST.* 
TOTAL CAPITALIZATION.* 
COST OF ELEC-CAPITAL 
COST OF ELEC-FUEL 
COST OF ELEC-CP 8 MAIN 
TOTAL COST OF ELEC 


-STEAM TURBINE CYCLE COST OF ELECTRICITY. MILLS/XW.TR 
PARAMETRIC POINT NO. 2 , 

RATE. FIXED CHARGE RATE. PCT 


'PERCENT 

13.03 

14.40 

13. DO 

21.69 

25.01 

• G 

5SL23480. 

= 822 34 80 . 

58223480. 

58223480 . 

£8223480. 

ST.O 

5795333. 

5795933. 

5795993. 

5795993. 

5795393. 

S.C 

4657873. 

4657878. 

9657878. 

4657878. 

4657678. 

S . 0 

3493409. 

3493409. 

3493403. 

3493403. 

3493409 C 

.c 

72170759. 

7217C7E5. 

72170759. 

7217C759. 

72170759. 

S.5 

3503184. 

3503054. 

3503084, 

3508094. 

3503084. 

IC.C 

S162257. 

S1622E7, 

9162257, 

2162257. 

2162257. 

.a 

33341103. 

"3341110. 

33341100, 

3334110C. 

39341100- 

25, C 

4.0 5422 

5.8956s 

7.3696G 

8.84352 

10.23555 

.3 

1 3.34221 

19.34223 

13.34223 

19.34223 

19.34223 

,C 

.55078 

.53078 

.59078 

.59073 

.52078 

.0 

34.02723 

25.S2333 

27,30260 

23.77652 

30.15356 

RATE. 


-U:L COST. j./10**5 3TU 



PERCENT 

1.5C 

2. 60 

4. DC* 

2.0 8 

3.12 

.3 

53223480. 

=3223480, 

S322343D. 

53223480. 

5 32234 BO. 

51.0 

E795S33. 

5795993. 

5735993. 

5795293. 

5725E93. 

3.0 

4557373, 

4S57S73. 

4557 37 8. 

4537973, 

4657378. 

6.D 

34S34D9. 

34S34CS, 

34S34D9. 

3493409. 

3423402. 

.3 

72170759. 

72170755. 

72170759. 

72170759. 

72170759. 

6.5 

8508084, 

85080S4. 

850 8084. 

S5Q8084. 

85G80S4. 

10.0 

3152267. 

9162257. 

9162257, 

9162257. 

9162257. 

,0 

89841100. 

8S3411CC. 

838411DC. 

£2341100. 

£3841100. 

18.0 

7 . 3S35Q 

7.36950 

7.3S2S0 

7.35953 

7. 3 6960 

.C 

11.15893 

19,34223 

29.75727 

15,47372 

23 . 2106 7- 

.0 

.53a7i,- 

.59073 

.59073 

.59G73 

.53078 

•t? 

19.11935 

27,30260 

37.71765 

23,43416 

31.17105 

RATE. 


CAFACITY FACTOR. PERCENT 


“ERCENT 

12.01 

45.00 

50.30 

55.02 

30.00 

.0 

53223480. 

L 82234 80. 

58223460. 

562234GD . 

£8223480. 

51. Q 

5795333. 

5795993. 

5735923. 

57 95333. 

5795993- 

8.C, 

4657S78. 

4657878, 

4G5787G. 

4657873. 

4657370- 

5,0 

3493409. 

3493403. 

3433409. 

3493409. 

3433409. 

.0 

7217075S. 

7217C7SS, 

72170759. 

72170 759. 

72170752. 

S.5 

35031 84. 

8508034. 

3503084. 

3508084. 

8508084. 

ID.O 

S162257. 

2162257. 

2162257. 

2162257. 

9162257. 

.0 

39B41100. 

>9341100. 

39341100. 

39841100. 

39841100. 

le.c 

3S. 91866 

10,64498 

9.5BD48 

7.3G9GC 

5.9S78C 

.0 

19.34223 

19.34223 

13.34223 

19.34223 

19.34223 

.D 

1.84564 

.75223 

.70 210 

.52078 

.51617 

.0 

SI. 11673 

30.74013 

23.52430 

27.30250 

25.34619 


r 
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Fig. 6. 32- Effect of gas turbine in let temperature and 
compressor pressure ratio on cost of electricity 
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Fig. 6. 33-Comparison of cost of electricity with reheat and 
nonreheat steam bottom ing cycles 






At the higher gas turbine inlet temperature, the reheat steam 
bottomed cycle enjoys a COE advantage. The comparison of COE obtained 
with both reheat and nonreheat steam cycles at variius turbine inlet tem- 
peratures is examined in greater detail in Figure 6.33. At each turbine 
inlet temperature, the optimum value of the compressor pressure ratio has 
been selected for display in this curve. A crossover point of approxi- 
mately 1644“K (2500“F) turbine inlet temperature is indicated at which 
the costs of electricity using the nonreheat and reheat steam bottoming 
cycles are equivalent. 

Over the full range of gas turbine firing temperatures plotted 
on Figure 6.33 the greatest difference in COE between the cycles with 
reheat and nonreheat steam if 0.1 mills/MJ (0.35 mills /kl'Jh) or 1.2% 
occurring at 1255°K (1800°F). 

For all practical purposes, the COE from the cycles v;ith reheat 
and nonreheat steam is essentially equal within the accui-acy oC the study. 

The results of a comparison of COE obtained with various steam 
bottoming cycle arrangements are shown in Figure 6.34. This grouping 
compares reheat and nonreheat steam cycles with throttle pressures raiig- 
ing from 8.618 to 16.547 MPa (1250 to 2400 psi) gauge and inductions at 
the reheater and crossover ducts. All these results were obtained using 
a gas turbine with 1478°K (2200“F) turbine inlet temperature, compressor 
pressure ratio of 12 to 1, and using air-cooled, vanes and blades. With 
this set of gas turbine conditions, the 9.653 MPa (1450 psi) gauge steam 
cycle arrangements (both reheat and nonrehcat) have a lower COE than the 
12.411 to 16.547 MPa (1800 or 2400 psi) gauge cycles. At a higher gas 
turbine inlet temperature, the higher throttle pressure reheat steam cycle 
shows an advantage, as illustrated by the bar chart of Figure 6.35. 

A detailed look at the effect of steam Induction upon the COE 
has been performed in conjunction with the 16.547 MPa/811“K/811°K 
(2400 psig/1000°F/1000°F) steam bottomed combined cycle. The use of 
steam inductions at the reheat and crossover points was investigated in- 
dividually and Collectively. Results of these calculations are shown in 
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Fig. 6. 34 - Effect of steam conditions upon cost of electricity 
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Fig.6. 35- Effect of turbine inlet temperature and 
steam conditions upon cost of electricity 
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Figure 6.36. Increasing the use of Induction in these investigations 
resulted in a- reduction in the GQE, The greatest improvement was seen 
to come from the change from no induction to one induction, with little 
net difference observed between the use of a single induction at the 
reheat point or the crossover point. A smaller additional improvement in 
COE was observed when a second steam induction was added/ 

It should be appreciated that the differences in COE among the 
Induction alternatives are quite small; and until confirmed by additional 
studies, the order of merit of the various systems should be regarded as 
just trends. 

The use of supplementary firing of the heat recovery steam 
generator has been investigated in conjunction with both reheat and non- 
reheat steam bottoming cycles. In addition to the case of no supplemen- 
tary firing, three levels of additional firing were used to increase the , 
///.^. temperature of the gas turbine exhaust products entering the heat recov- 
very boiler. The first level firing raised the exhaust products tempera- 
ture to approximately 1033 “K (1400“F). The- second level achieved 
temperatures of approximately 1587°K (2400°F) ; and for the third level, a 
neat’ stoichiometric temperature of approximately 2061 “K(3250“F) was used. 
For both the reheat and nohreheat cases, the steam cycles were topped by 
a 1478“K (2200“F) turbine inlet temperature gas turbine at a 12-to-l com- 
pressor pressure ratio, with air-cooled vanes and blades burning clean 
distillate fuel from coal. The results of the analysis, shown in 
Figure 6.37, Indicate that additional supplementary firing increases the 
COE for both types of steam cycle, with a greater penalty observed in' con- 
junction with the nonreheat arrangement. 

Considerable attention has been focused upon the effect of the 
steam cycle heat rejection means upon COE. Three different systems were 
investigated. Including the dry tower and wet tower systems, in which heat 
is rejected to the atmosphere ; and the more conventional' once-through 
systems, in which heat is rejected to a body of water as a heat sink. 
Again, both nonreheat and reheat steam bottoming cycles were investigated. 
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Fig. 6. 37*- Effect of HR SG supplementary firing on cost of electricity 
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The results shown in Figure 6,38 indicate that, compared with the once- 
thrdugh cooling , the COE with the dry tower and wet tower, are approxi- 
mately 9 and 4% higher, respectively. 

The effect of fuel preparation on the COE has been investigated 
as a comparison between a combined-cycle plant with an Integrated gasifi- 
cation system and a similar combined cycle firing distillate from coal. 
Both cycles utilize a 1478®K (2200®F) turbine inlet temperature gas tur- 
bihe at a 12r-to-l pressure ratio with air-cooled vanes and blades. The 
COE results have been plotted as a function of capacity factor for each 
arrangement in Figure 6.39. The results show that for capacity factors 
greater than approximately 0.45, the integrated gasification system is 
economically superior under the assumption of a liquid fuel price of 
$2.46/GJ ($2.60/10^ Btu) . At an 80% capacity factor, the integrated 
gasification system results in a COE approximately 30% lower than the 
counterpart combined cycle burning distillate from coal. 

For each parametric point the natural resource requirements 
have been estimated. These consist of coal, sorbent (for gasification 
systems), water for heat rejection, gasifier process steam, condensate 
makeup, waste slurry handling, and scrubber waste, as well as land usage 
for the main plant, disposal, and access railroad. The results of these 
calculations for all parametric points investigated are summarized In 
Table 6,12 . 


6.7 Conclusions and Recommendations 
6.7.1 Conclusions 

The gas-steam combined-cycle system, in comparison with other 
EGAS Task I energy conversion systems, is attractive for intermediate and 
higher capacity factor operation. 

Several parameters affect conclusions regarding optimization of 
the combined-cycle system with respect to efficiency and COE* The more 
Important of these include; gas turbine inlet temperature and compressor 
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Table 6.12 -, COf'BINED 

CASrSTLAK TURBINE 

CYCLE 

NATURAL RESOURCE 

REQUIRFKEMS 


Ilp/PAMETRICPOINT 

1 

2 

*7 

4 

5 

6 

T 

8 

::oiLf LB/Ka-4R 

.7T313 

1. 3S7D3 1 

. 3 50 55 

1.32321 

1.32471 


1.34305 

1.3E591 

SORB ANT OR SEtO f LS/KW-HR 

.39319 

.CDDCO 

.COOCC 

.00000 

.OCCOO 


•CCCCC 

.CCCGC 

rOTAL WVTET» SAl/KW-T'? 

.537 

.497 

.4 35 

.455 

.452 


• 447 

• 4E4 

COOLING WATER 

.A2E 

.484 

.4 82 

.453 

.448 

T3 

.444 

.4CC 

li GASIFIED *ROCEiS 

.7X230 

.70070 

.37700 

.33703 

.00330 

0) 

4J 

•33000 

.30000 

i; CCN'CENSATE HAKE UP t 

.00330 

.00334 

.Cr342 

.00352 

.00354 

Ed 

.00343 

.00334 

WASTE HANDLING SLUTRY 

.nsix 

.3070 

.7000 

.3700 

.0030 

H 
' 9 

.0000 

.0000 

SCRUBbER WASTE WATER 

.OANSS 

.DDOCO 

.GCDCD 

.00000 

.00000 

u 

.ooccc 

.CDCCC 

NOX SUPPRESSrOV 

. ET^aOD 

.73770 

.07000 

.•30307 

.OODOO 

rH 

td 

.70000 

•00000 

TClAL LANU ACRES/IDCMWF. 

92.82 

3E.56 

3E.18 

32.48 

32.41 

u 

32. sc 

33.27 

MAIN PLANT 

15. XS 

12.77 

12.33 

11. B 5 

11.84 


11.97 

12.05 

’ DISPOSAL LAND 

E2.47 

.00 

.CD 

.00 

.00 

o 

.nc 

•DC 

LAND FOR ACCESS T.R 

20.33 

23.93 

27.33 

20. S2 

20.57 

■ff 

23.93 

21.21 


»ARAM£T9IC POINT 

3 

10 

11 

12 

13 

14 

15 

IE 

COAL, LB/KW-KR 

1.35B16 

1.36120 

1.3 re 75 

1.35272 

1 .40589 

1 .34417 

1 .45127 

1.32C43 

S^fBANT OR S£E3fL3/<W-TR 

.33733 

.33730 

.37303 

.33300 

.-30300 

.00303 

.00000 

•00000 

Total water* gal /km*hr 

.455 

.459 

.461 

.454 

.343 

,003 

.CC3 

•451 

C03LINS HATER 

.452 

.455 

.457 

*451 

.340 

.000 

.000 

.447 

GASIFIER PROCESS H?0 

.OOCCC 

•GCCCO 

•orcoo 

.DDDOD 

.OCCOO 

.00000 

.ooccc 

.00 CSC 

CONOENSATE MAKE JP * 

.73335 

.03 341 

.77334 

.33341 

.00314 

7i.-3034Q 

.00299 

.0035S 

WASTE HANDLING SLURRY 

.DCDC 

.OCOD 

; .r-DQO 

.0000 

.0000 

iCC.CC 

.occc 

•OCCC 

SCTUB3E9 HASTE WATER 

. 33703 

.30310 

;a3330 

.30303 

.00000 

, 7000-3, 

.30000 

.30000 

NOX SUPPRESSION 

.ODOCC 

^COOGD 

i.cncoD 

.00000 

.00000 

.OCDCC^ 

.CCCCC 

•cococ 

TOTAL LAND a:RES/133MW£ 

33.77 

33.17 

33.23 

33.00 

29.25 

11.92 

'^7,0.15 

32.33 

MAIN PLANT 

12.01 

12.C4 

!12. 07 

11.99 

12.27 

11.92 


11.82 

DISPOSAL LAND 

• 33 

.DO 

.00 

.30 

.00 

.00 

.00 

• 00 

LAND FOR ACCESS RR 

2i^oe 

21.13 

21-22 

21.00 

IE. 98 

.00 

57. El 

20.51 


o> 

I 

^o 


parametric POINT 

17 

18 

IF 

20 

21 

22 

23 

24 

COAL, L3/KH-HR 

L. 35354 

1. 43239 

1.47720 

1.35942 

1.37245 

1.35380 

1.37740 

1.36346 

SORB ant or SEED»LB/KH-HR 

•ODODD 

•cooco 

/.OODCC 

.CCODO 

.OOCDO 

.00000 

•CGCCC 

•COCCC 

TOTAL HATE9, SAL/KW-HR 

1.025 

• S52 

/ .733 

.433 

.4 91 

. 484 

• 430 

• 438 

COOLING WATER 

3.C2C 

.CE5 

/ .726 

.477 

• 488 

.461 

.486 

«<85 

SASIFt£9 PROCESS H27 

. 33303 

.77330 

/ .37030 

.73303 

.70300 

.30300 

.70300 

.30700 

CONDENSATE MAKE UP * 

.00491 

.D0E63y 

.00745 

,00338 

.00332 

.C0331 

.00337 

.00377 

HASTE HANDLING SLUTRY 

.3330 

.3DD0/ 

.7730 

.0700 

.0000 

.0003 

• OOOG 

• 0000 

scrubber waste water 

.00000 

•coocS 

•orcoo 

.00000 

.OCCOO 

.00000 

•OOCCC 

.COCOC 

NOX SUPPRESSION 

.37333 

.33330 

.O-DOOO 

.■30333 

-oocno 

.307130 

.00300 

.70000 

TOTAL LAND ACRES/ICCMWE 

58.12 

42.3f3 

42.86 

36.39 

36 .68 

36.48 

36.63 

36.61 

MAIN PLANT 

12.23 

11. ?3 

17.04 

12.93 

13.00 

12.95 

12.93 

12.99 

DISPOSAL LAND 

• 00 

.00 

L .00 

.00 

.00 

.00 

•OC 

.OC 

LAND FOR ACCESS RR 

4 5.34 

33/20 

/ 

3?. 92; 

23.4S 

23.53 

23.53 

23,54 

23.63 

»ARAHETRIC POINT 

25 

/ 

25 

27 

23 

29 

30 

31 

32 

COAL, LB/KW-HR 

1.3G474 

1.38409 

1.35001 

1.469S7 

1 .37254 

1.41153 

1.58353 

1.66232 

SOPSANT OR SEE3,L3/XH--IR 

.30033 

.73370 

.07333 

.73737 

• 33000 

.00700 

.30000 

.00000 

total HATER, GAL/KH-hR 

.486 

.448 

.003 

.003 

• 498 

.576 

.820 

.931 

COOLING WATER 

.432 

.445 

.300 

.037 

.494 

.571 

.313 

.924 

GASIFIER PROCESS H20 

.00000 

.00000 

.OCDOD 

.CQOOO 

.00000 

.OODOO 

•OCCCC 

•COCOC 

CONOENSATE HAKE ’JP » 

.30335 

i 30 32 6 

.03337 

.33231 

.00332 

.30440 

•30631 

•00718 

Haste handling slurry 

.0000 

%000D 

.0000 

.0000 

.0000 

•OGOO 

•OCCC 

.ccoc 

SCRU33ER HASTE WATER 

•33300 

.33030 

.03030 

.70307 

.30000 

.70000 

•70000 

•70000 

NOX SUPPRESSION 

•00000 

.00000 

•00000 

.00000 

.00000 

.0000 c 

.COCpC 

.CCCDG 

TOTAL LAND ACRES/173NHE 

33.50 

33.35 

12.35 

74. 4S 

35.59 

40.47 

52.42 

56.71 

MAIN PLANT 

12.96 

13. C7 

12.85 

13.58 

13.01 

12.83 

16.43 

. 13.91 

DISPOSAL LANO 

.33 

.30 

.00 

.03 

• 00 

• 00 

• 00 

• 00 

LAND FOR ACCESS RR 

23.54 

23.89 

.00 

£0.88 

23.68 

27.64 

35.98 

42.79 
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Table 6.12 
CcfnCinued 


/ 


'CCViilNtD t,1S-S,TEflM TUfiSlNC CYCLE N'fiTUR«L RESOURCE' RCGt'aii^.KrMS 


F^PAHETRIC P0J?i4 
CO^Lt LS/Kw-^S! 

EQRSAVI or SEtDfL&/i<».!“HR‘ 
TOTAL ilATETt 3AL/Ki»-H^ 
COCLING WATER 
GASIFIER “ROCEiS 121 
, C0\‘DENSATE HAKl U- f 
WASTE HAN3LIM3 SLURRY 
SCpUDBEK WASTf. WAIL A 
NOT SUPPRESSION 
total LAND AChLS/lECP'l.'t 
.■•jatn plant 

Oi:>.POSAL LAND 
LA'D FOR ACCESS RR 


>iRAHiIRIC F>OINT 
COAL* LB/KW-HR 
SQPIANT OR S£II*L3/*<H--IR 
total WATER* SAL/KW-HR 
iOOLINS WATER 
GASIFIER PROCESS H?0 
GONOSttSATI HANS UP * 
WASTE handling SLUSRY 
SCTtJ 33 E?! WV 5 TE 4 AT~'^ 
NOX SORPRESSICL 
TOTAL LAND A1.^ES/11'I«WF. 
WAIN Plant 
DISPOSAL LAN) 

LANO FOP ACCrsS RF 


33 

34 

35 

26 

37 

38 


40 

1. 51247 

1,51577 

1.5S7S1 

1.32535 

1*42532 ; 

1*42775 

1 .45594 

1*49332 

.ccrcc' 

.COCCC 

■ .crooD 

.00000 

*00000 

*r.Gccc 

.XCCCC 

•cccoc 

.559 

.533 

' .532 

.533 

*507 

*493 

.432 

*495 

.554 

.535 

.525 

.537 

.503 

*4«3 

*49S 

•492 

. 33333 

.33330 

.33330 

.13300 

*30000 

*30300 

,3a-3G0 

.30000 

.003 EX 

.CD292 

•GC252 

.CC229 

.00387 

.CC31E 

*30275 

*cn?5C 

.3332 

.3030 

.3000 

.0033 

• 0G33 

.0300 

.3303 

*0003 

.rcnoe 

.PODCG 

.CrODD 

.OOCOC 

.CDCOO 

.00000 

.rcccG 

.ccrcc 

.31333 

. •> 0 n j 0 

*33000 

.33333 

.00030 

.30000 

.30300 

.30303 

23.28 

2-3.55 

3E.P9 

44*55 

35 .76 

35,54 

3S.S4 

39.08 

14.23 

15,23 

15.37 

17*72 

12*53 

13. 33 

i4*?n 

iB.tn 

.DC 

.CO 

ftiD 

*00 

*CC 

,00 

*rr 

*cc 

-?4.32 

24.32 

25^52 

23*33 

23*07 

22 . 44 

21*64 

33.91 



y 






41 

42 

43 

44 

45 

45 , 


42 


1.3 611 A 
.33333 
-472 
.4o3: 
inoDOC 
. 33!|33 
.DODO 
. 33 33 3 
.COCCC 
13.24 
11.50* 


1.35B53 
.33330 
.457 
y454 
.dDCCO 
.*3033 8 
/ .OCCG 
.30330 
• . 000 CO 
' 33.13 

12.03 


1.3S2S1 
.33333 
.457 
.454’ 
.DCCCO 
.3'>234 
• rCDC 
.33030 

.or-coc 

33*05 

1:2*65 


1.4153G 
*33333 
*AEC 
*457 
*CPOOO 
.30253 
.DCOO 
.33303 
.CCOOO 
35.54 
13.31 


1.31662 

.03D3Q 

.449 

.445 

.occco 

.00424 

.ncoo 

.□□000 

.DCDCO 

31.47 

1C.59 


1 .3C4«1 
.00300 
.427 
.424 
.CODEC 
.30357 
.CCCC 
.30000 
.rcc-pc 

31.03 
1C. 9 7 


rL 324 e 4 
00300 
t .423 
\\.420 

-V;pcnc 
.3^313 
.'lECC-C 
.30000 
.CDCDC 
30.34 
13 .46 


PARAMETRIC POINT 
COAL* L3/XW-4P 
So RB AN T OR 5 E L D * L E / K W - H f ■ 
TOTAL HAT£7.3AL/XW-1R 
COLLING WATER 
SASIFISP PROCESS 123 
CONDENSATE MAKE UP t 
WASTE HAN3LIN3 SLU4SY 

scrubber waste water 

NOX SUPPRESStON 
TOTAL land ACRES/IPCMWE 
MAIN PLANT 
DISPOSAL LAND 
LAN3 FOR ACCESS 7R 


rARAHSTTIC POINT 

COAL* LB/KW-HR 

S0R3A4T OR SEi0rL3/<W*- 14 

total water* cal /KH>KR 

COOLING WATER 
GASIFIER PROCESS H20 
CONDENSATE MAKS JP * 
^WASTE HANDLING SLURRY 


. 33 

*30 

. 3 □ 

*33 

.30 

.00 

.DO 

.no 

21.75 

t 

21,10 

2r*4C 

22,22 

20,87 

20,11 

19*43 

2 1 • C C 

t 

4? 

EC 

' ■ ■ El' ' ■ 

E2 

53 

54 

E'H""' 

56 . 

.23577 

1.23S21 

1.27395 

1.3022S 

1.511.34 

1.50519 

1*54036 

i*oni39 

.ccoco 

.OODCO 

.nr-oro 

.OGDOO 

.OOCOO 

.OPCEC 

•ncccc 

.ccroc 

*442 

.436 

*398 

*339 

,574 

.5 35 

* 51 1 

5 I E 

.42 7 

.403 

*3'^5 

*395 

.571 

,533 

*E1E 

.514 

.31133 

.33030 

.33000 

.33000 

-3,3000 

.300 00 

.33300 

•33C0G 

.00432 

.00372 

.CC331 

.00302 

.00361 

,00297 

*rC2Fl 

.GC241 

. 0013 

.3030 

.3300 

.0300 

.0330 

.0003 

.0300 

*30DD 

.OCLOC 

.c-ccco 

.nrcco 

.crcoo 

.DCOCG 

.CDCOC 

.COCGC 

.rcccc 

*33333 

.30330 

. 33030 

*3-3000 

.00000 

.30000 

.30000 

*33000 

30.34 

2S.cl 

2 '’-.35 

25*02 

46,59 

43.93 

40.7C 

45.26 

'3.92 

13*15 

13*33 

13.95 

15.35 

15.31 

17.47 

13*86 

.00 

.CO 

•CD 

,GC 

*00 

•PC 

*rt 

*00 

23.42 

13*45 

13*91 

19,07 

n 31*22 

•?7,62 

23*24 

25*41 

•’ 57 ’ 

53 

59 

S 3 

^ 51 . 

32 

53 

54 


1,44X08 
. 33303 
,547 
.543 
.CCDDO 
.33311 
.CD DO 


3*42565 
.33330 
*510 
*536 
.CCOCD 
*33317 
*OGCO 


1*44908 

*03303 

.494 

*491 

.occno 

.00278 
COO 


1.48707 
.33303 
.487 
*435 
.CCOOD 
*30255 
.GOOD 


1.39527 
*00300 
*531 
*527 
.OCDOC 
*00395 
.COCO 


1*38192 
*33303 
*47C 
• 467 

.ccrnr 

*30295 
■ CCCC 


1.4ir67 

.oooro 

*4FE 

.452 

.rccrc 

.00271 
.CCCC 


1 .36404 

.30000 
.521 
*517 
.COCCC 
*00405 
*CCGC 







W Wl lUyM 


' * 

- K ■ 


1.35254 
.303P-'' 
.«i2F 
■ .4’C 
, .roccc 
' *ac?-35 
.CCCC 
*30000 

.crccc 

32. 93 
11.99 


SC<?U33i4 WASTS WATER 

.33933 

*93333 

*33390 

*3330-3 

*0-3000 

.30309 

.3-3300 

.30000 

NOX SUPPRESSION 

.GDODC 

•QCOCC 

•OOOOC 

*00000 

•OCDOC 

.occrc 

.rcccr 

.cocec 

TOTAL LINO AC9SS/133MWE 

39*54 

3S.3D 

33*85 

43*34 

33*30 

39.03 

35.42 

35.22 

main'plant.- 

33.73 

14.39 

IS *22 

16*15 

12.55 

13 .* i 

14.2S 

11.62 ~ 

OISPOSAL LAND 

.33 

.30 

• 30 

*00 

*30 

.03 

.00 

*00 

LAND FOR ACCESS RR 

25*91 

22*42 

24. E3 

27.19 

26*75 

25.47 

22.14 

23.55 
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Table 6.12 
Continued , 

parametric point 

COVL# L3/K4-T9 
SORBANT OR SEEDfLB/KW-HR 
TOTAL M A T Z ? * 3 ft L / < a- ^ R 
COCLING MATER 
gasified 3ROCES3 ,-lZl 
CONPENSATE MAKE UP t 
WASTE HftNDLINS SLURRY 
SCRUBOER WASTE WATER 
NOX sup;=REssroN 

total land ACRES/UTPWE 
MAIN PLANT 
DISPOSAL LAND 
LANO FOR ftSOESS TR 


COKblNEC CAS-STEAM TUPSIhE CYCLE NATURAL RESOURCE REOL’IREMEKTS 


’ARAMSTRIC '^OINT 
CCALf LB/KW-HR 
3 0 R3 A N T 0 R SET 3 1 L 3 / < W- R R 
TOTAL water* SAL/KW-HR 
COOLING WATER 
GASIFIER PROCESS H20 
C 0 NO T N S A T E N A KT J P t 
WASTE HANOLING SLURRY 
SCRUB3ES WASTE WATER 
NOX SUPPRESSION 
TOTAL LAND ACRES/133MWE 
MAIN PLANT 
OISPOSAL LAN3 
LAND FOR ACCESS RR 


PAPAHETriG POINT 
COAL* L3/KW--ia 
scrbant or SEEO.LE/KW-HR 
TOTAL MATE=?* 3AL/KW-iT 
COOLING WATER 
GASIFIER PROCESS T?3 
condensate MAKE UP * 
UASTT HAN3LIN3 3LURRY 
scrubber WASTE WATER 
NOX SUPPRESSION 
total land ACRES/IOOMWE 
MAIN PLANT 
DISPOSAL LAND 
LAND FOR ACCESS TR 


aBRKPT 


PRINT* 




d' 


T" 


E5 

66 

67 

68 

69 

70 

71 

72 

1.32373 

1.33257 

1.33334 

1.35735 

1.30211 

1.30353 

1. 31227 

1.32437 

.COO GO 

• GCC-ED 

-CECCC 

•CCCDC 

.00000 

.r-ocoG 

.OOCCC 

•CCCCC 

.!|74 

.431 

.443 

.547 

.455 

.442 

.423 

.451 

.4 71 

.4 48 

.446- 

.643 

.462 

.439 

•4ZE 

.447 

.33333 

.33330 

.assno 

.33133 

.30000 

.C0QO3 

.33300 

•30C00 

.00346 

.COE 10 

.Ct-255 

.CC408 

.00356 

.r-0320 

.00297 

.C0411 

.3013 

.303 0 

-303 3 

.3330 

.0030 

.0300 

.0100 

• 0000 

.dcl-do 

.ECO CD 

.OGDCCt 

•Gcrro 

•CDcnn 

.rccpc 

.ccccc 

•COCOC 

.33333 

.33330 

.03333 

.33333 

-00300 

.33333 

.30000 

•30000 

36.52 

34.14 

3G.72 

39.54 

32.92 

34. 4C 

32 .CT 

70.63 

11.33 

12. 3S 

12.99 

10.93 

11.10 

11.44 

11.83 

10.35 

• EG 

.to 

•no 

•PO 

.00 

.CC 

•ce 

•PC 

2T.53 

21.73 

23,33 

23.55 

21.32 

22.95 

20.24 

19.77 

73 

74 

■' rs ' 


77 

7 3 

73 

80 

1.31 3 E2 

1.32824 

1.34737»r.3P2R0 

1.28666 

1 .29323 

1 .30596 


. 33333 

.33330 

.33303 

.33333 

.33300 

•coini 

.30000 


.431 

.4 30 

.431 

.439 

• 416 

-411 

•413 


.423 

.427 

.423 

.435 

.413 

.433 

.413 

<11 

.rfOCDL 

.EDCCE 

.CrCGD 

.CCCOG 

.00000 

.CCOCD 

.coccc 

u 

.33341 

.3323S 

.33253 

.30413 

.30344 

.30293 

.30269 

<d 

.GGCC 

-CCGD 

•rccQ 

.0000 

• CGQO 

,OCGO 

.CCCC 

. o 

. 33 333 

.33030 

.33330 

.33303 

.00003 

.30303 

.30000 

o 

.roooe 

. CCOGO 

.crcoo 

.oocco 

.00000 

.ODOOC 

•OGCCC 

<8 

3 3.37 

32.45 

32.1 5 

33^35 

30.65 

30.47 

30.10 

0 

13.31 

11.85 

12.40 

10.45 

10.86 

11.24 

11.83 

U 

.30 

.30 

.33 

.03 

.00 

.03 

.00 

o 

S5 

19.06 

20.60 

19.76 

20.41 

15.79 

19.14 

18.27 

n' ' ■ 

51 

82 

83 

S4 

85 

£G 

8T 

if - 

88 


Not calculated 


1-333*7 
•CCOGO 
• *53 
.4*9 
.33003 
•CC333 
.3030 
•COOCO 
.30333 
28.48 
3.37 

•on 

23.41 


parametric point 

COAL* LB^W-HR 
S0R3A.NT OR SEE3»L3/XM-iR 

TOTAL Water* gal/ku-hr 

COOLING WATER 
GASIFIER PROCESS H20 
CONDENSATE MAKE UP # 
WASTE handling SLURRY 
SCRU33ER WASTE WATER 
NOX SUPPRESSION 
TOTAL LANDACRES/IDIMWE 
MAIN plant 
DISPOSAL LAND 
UAND FOR ACCESS RR 


39 

93 

91 

32 

L .34464 

1.34355 

1.41372 

.00000 

.33333 

; . 33D3D 

. 0300 3 

.30303 

• 426 

.412 

.367 

•000 

.423 

.438 

.363 

.000 

.rOCGC 

•COOCO 

.orcoo 

.GCOOO 

. 30344 

.30345 

.93311 

•30003 

.OCGO 

.COCO 

• 0000 

.OOGO 

. 33003 

.30330 

*33900 

.10390 

•OOOCC 

•OODCG 

•DCCOO 

.00000 

37.11 

37.33 

33.77 

.00 

16.23 

16.22 

16,71 

•no 

.03 

.30 

.00 

• 00 

20.88 

20.86 

17.07 

•00 


33 

.odcoo 

•00000 

•coo 

.000 

•coooo 

•00000 

.GOOD 

•OOOOQ 

.00000 

.00 

•00 

.00 

.00 


34 

.ooocc 

.30000 
.000 
• 300 
•rODOc 
,00300 
•0000 
.30300 
.noDOo 

• no 

.00 

• 00 

.00 


35 

•OGC-CC 
.33000 
•CCC 
.000 
.ccEoe 
. DOOOO 

•cccc 

•30000 
•OOCCC 
.00 
•cc 
• 00 
.00 


36 

•COCOC 

.30000; 

•CCC 

.000 

•COCOC 

•30000 

•occc 

•30000 

•COCOC 

.00 

•DC 

.00 

•CC 




w 








pressure ratio, steai(i cycle nominal conditions, the use of steam induc~ 


tion, supplementary hea\ recovery steam generator firing, heat rejection 




means, and the use of integrated low-Btu coal gasifications. 


As gas turbine inlet temperatures are Increased, the resultant 
thermodynamic efficiencies are Increased and the COE decreases. Further, 
from the viewpoint of both efficiency and COE, the optimum gas turbine 
compressor pressure ratios generally Increase with higher turbine inlet 


temperatures. For the range of turbine inlet temperatures investigated. 


1255 to 1700“K (1800 to 2600®F), it was determined that for be(|jg- cornbined- 


cycle efficiency, and using convection impingement air-cooled ^?;as J^urbine 


ir 


blading, the optimum compressor pressure ratio lies in the range of 10 to 
16.. . 


The differences in COE obtained with varying steam cycl^=^ con- 


figurations and nominal throttle steam conditions are small and^/in many 




cases less than the uncertainties inherent in such a study. It was ob- 
served, however, that at the lower gas turbine inlet temperatures, the 
lower throttle pressure nonreheat and reheat steam cycles yielded a lower 
COE. For the lower throttle pressure reheat steam bottoming plants, for 
example 9.997 MPa/811®K/8ll“K (1450 pslg/lOOO^F/lOOO^F), ho parametric 
optimizations were perfoi^med. Further investigation of these cycles and 
comparison with the 8.618 MPa/783°K (1250 psig/950'’F) bottoming cycle 
would be quite useful. At the higher gas turbine inlet temperatures , the 
highef pressure reheat steam cycles showed the lower COE with the gas 
turbine inlet temperature at which the two types become equal being ap- 
proximately 1589°K (2400“F). 


The use of steam induction generally results in a high cycle 
efficiency and a lower COE." -In^the case where multiple Induction was 
assumed, in conjunction with a reheat "steam cycle, the use of the first 
induction is most significant in lowering the overall COE. 

The use of supplementary firing in the heat recovery steam 
generator results in a higher COE than for an unfired steam generator ar- 
rangement. The 16.547 MPa/811“K/811‘*K (2400 psig/1000“F/1000“F) reheat 














steam cycle arrangement Is less sensitive to an increased COE with sup- 
plementary firing than the 8.618 MPa/783“K (1250 p8ig/95b“F) nonreheat 
steam cycle. 


I 


i 

I 



Heat rejection to the atmosphere by means of wet and dry cool- 
ing towers results in a higher COE than does the use of a once-through 
cooling system. The most significant increase occurs in conjunction with 
the use of dry cooling towers; the COE is nearly 9% higher with this ar- 
rangement than with the once-through method. 

The use of Integrated low-Btii coal gasification offers superior 
COE performance for base-load duty, as compared with a coal-derived dis- 
tillate fueled combined cycle < Based on an 80% capacity factor, and 

6 

using coal-derived distillate fuelafc $2.46/GJ ($2.60/10 Btu) compared 
with. Illinois No, 6 bituminous coal at $0,806/GJ ($0.85/10 Btu), the 
combined cycle with the integrated low-Btu gasification system can gene- 
rate electricity at a nearly 30% lower cost than the corresponding plant 
burning distillate. At capacity factors down to approximately 0.45, the 
combined-cycle plant with the Integrated gasification system gives the 
lowest COE. 

6.7.2 Recommendations 


1 It is recommended that a continued conceptual design effort be 

applied in the following areas in order to achieve maximum benefit from 
I the gas-s team combined cycle, 

6. 7. 2.1 Induction Steam Turbine Generator 

Induction steam turbines have been built and success fully ■ 

I ! operated for some time in smaller sizes. Comparable experience in large 

)) power generation size units is minimal. Further design investigatiorfs 
^ ^ into the configurations and operational requirements (particularly with 
! ' regard to control and turbine protection) of the induction steam turbine 

I will be required . 


6. 7. 2. 2 Gas Turbine Inlet Temperature 

Gas turbines currently operate at approximately 1366‘^K (2000°F) 
turbine inlet temperature in base-load commercial power generation 




service. Analysis shows continued improvement in the COE with Increasing 
turbine inlet temperatures . A continued design and developmentj effort 
with advanced gas turbine blading materials and cooling techniques will 
be required in order to realize the benefits concommltant with higher 
turbine inlet temperatures. The conceptual design of an advanced 
combined-cycle plant with an integrated gasification system based on 
high- temperature gas turbine technology should be continued. 

6. 7. 2. 3 Integrated Coal Gasificatipn System 
' Satisfactory service with an integrated combined -cycle gaslf 1^ 

cation system has not been demonstrated. Further, existing commercially 
available coal gasifiers have not been designed for Integrated combined- 
cycle operation. Therefore, continued development of the integrated coal 
gasification subsystem is needed. It is particularly necessary that 
development of efficient gas cleanup methods be emphasized to ensure com- 
patibility with gas turbine engine requirements. 

Just as a continuing, vigorous effort toward developing higher 
turbine inlet temperatures is essential to realize continued benefits 
from gas turbine technology advances, the fact should not be overlooked 
that today’s combined cycles operating at turbine inlet temperatures of 
about 1366°K (2000°F) , continuous duty, compare most favorably ivi terms 
of thermodynamic efficiency with conventional power generating modes. In 
order to* bring to fruition as quickly as possible the benefits of the 
combined-cycle plant with an integrated coal gasification system, atten- 
tion should be directed to coupling current coal gasification technology 
vjith more moderate advances in gas turbine technology than those indi- 
cated by the arbitrary upper turbine Inlet temperature bounds of this 
parametric study. A conceptual design effort aimed at early implementa- 
tion of an integrated combined-cycle plant with turbine inlet, tempera- 
tures in the 1478 to 1533*K (2200 to 2300"F) range should be commenced as 
well.'''- 
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